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ABGENIX.073A 

ANTIBODIES DIRECTED TO TUMOR NECROSIS FACTOR 
AND USES THEREOF 



PATENT 



RELATED APPLICATIONS 
[0001] This application claims priority under 35 U.S.C §1 19(e) to U.S. 
Provisional Application No. 60/430,729, filed December 2, 2002, which is hereby expressly 
incorporated by reference in its entirety. 

FIELD 

[0002] The present invention relates to antibodies directed to the antigen Tumor 
Necrosis Factor alpha (hereinafter TNFa) and uses of such antibodies. More specifically, the 
present invention relates to fully human monoclonal antibodies directed to the antigen TNFa 
and uses of these antibodies. Aspects of the invention also relate to hybridomas or other cell 
lines expressing such antibodies. The antibodies herein are useful as diagnostics and as 
treatments for diseases associated with the activity and/or overproduction of TNFa. 

BACKGROUND 

[0003] TNFa has been demonstrated to be involved in infectious diseases, 
immune disorders, autoimmune pathologies, graft vs host disease (GVHD), neoplasia/cancer 
and cancer-associated cachexia. See, Feldman M., 2002 Nat. Rev. Immunol, 2:364. In 
particular, TNFa levels are dramatically induced in gram negative sepsism, endotoxic shock 
{See, Michie et al., 1989 Br. J. Surg. 76:670) Crohn's disease, and rheumatoid arthritis. The 
implications of TNFa in such a wide variety of indications highlights the importance of 
developing specific biological therapeutics targeting this inflammatory cytokine. 

[0004] Several investigators report the characterization of monoclonal antibodies 
against TNFa which neutralize its activity in vitro. See, Liang CM, et al., 1986, Biochem. 
Biophys Res. Commun., 137:847, and Meager A, et al., 1987 Hybridoma 6:305. Some of 
these antibodies were used to map epitopes of human TNFa and develop enzyme 
immunoassays and to assist in the purification of recombinant TNFa. See Fendly BM, et al., 
1987 Hybridoma, 6:359; Hirai M, et al., 1987 J. Immunol Methods, 96:57; Moller A, et al., 
1990 Cytokine, 2:162; Bringman TS and Aggarwal BB, 1987, Hybridoma, 6:489. 
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Unfortunately, the antibodies generated for these studies would not be useful as therapeutic 
neutralizing TNFa antibodies for treating human patients since they were derived from non- 
human species and lack specificity for TNFa. 

[0005] Neutralizing antisera or mAbs to TNFa have shown efficacy in non- 
human mammals by abrogating adverse pathophysiological events and preventing death after 
lethal challenge in experimental endotoxemia. These effects have been demonstrated in 
rodent and non-human primate model systems. See, Beutler B, et al., 1985 Science, 229:869; 
Tracey KJ, et al., 1987 Nature, 330:662; Mathison JC, et al., 1988 J. Clin. Invest, 81:1925; 
Shimamoto Y, et al., 1988, Immunol Lett, 17:311; Opal SM, et al., 1990, J. Infect Dis., 
161:1148; Silva AT, et al, 1990, J. Infect Dis., 162:454; Hinshaw LB, et al, 1990, Circ. 
Shock, 30:279. 

[0006] Various forms of neutralizing antibodies currently exist and are reviewed 
by Feldman. See, Feldman M, 2002, Nat Rev. Immunol, 2:364. As described in this review, 
a great deal of effort has been expended to. create a neutralizing antibody that would yield a 
therapeutically suitable antibody for chronic administration to humans. Currently, 
antibody/TNFR fusion (fcIg/TNFR) proteins (Enbrel) have shown some utility, but are 
challenged by a short half-life in the serum leading to frequent administration {e.g., twice 
weekly) of the drug. A neutralizing therapeutic antibody to TNFa for chronic treatment 
would exceed the half-life issue (one injection per 3-4 weeks) as long as the antibody itself 
was not immunogenic. Others have attempted to create neutralizing antibodies to TNFa 
which have the desired characteristics of low/no immunogenicity and a half life typical of 
their endogenous counterparts without success. Examples of such antibodies include 
mouse/human chimeras, such as Infliximab (cA2 or Remicade), and the humanized antibody 
CDP571 or Adalimumab (D2E7 or Humira). These represent attempts to create neutralizing 
therapeutic antibodies which closely resemble their human counterparts. 

[0007] Unfortunately, the full potential of these drugs may not be realized due to 
their inherent potential immunogenicity, compromised half-life and/or reduced 
avidity/affinity for TNFa. Host immune responses induced by these chimeric antibodies can 
lead to clearance of the antibodies from the circulation and make repeated administration 
unsuitable for therapy due to loss of efficacy. These problems ultimately reduce the 



-3- 



therapeutic benefit to the patient. Additional problems in scale-up and manufacturing may 
also be encountered using antibodies or fragments thereof, such as those mentioned above. 

[0008] Thus, for the above reasons, there exists a need in the art to provide an 
alternative to patients in clinically indicated populations where TNFa is responsible for the 
pathophysiology of a particular disease. Fully human, high affinity, neutralizing monoclonal 
antibodies, or fragments thereof, for chronic administration provide the desired 
characteristics of a non-immunogenic therapeutic option with a half-life suitable for less 
frequent administration. 

SUMMARY 

[0009] Embodiments of the invention relate to human monoclonal antibodies that 
specifically bind to Tumor Necrosis Factor-a and have a heavy chain complementarity 
determining region 1 (CDR1) having an amino acid sequence of "Ser Tyr Asp Met His". 
Antibodies described herein can also include a heavy chain complementarity determining 
region 2 (CDR2) having an amino acid sequence of "Val He Tip Ser Asp Gly Ser He Lys Tyr 
Tyr Ala Asp Ser Val Lys Gly", a heavy chain complementarity determining region 3 (CDR3) 
having an amino acid sequence of "Glu Val Glu Ser Ala Met Gly Gly Phe Tyr Tyr Asn Gly 
Met Asp Val", a heavy chain amino acid comprising the amino acid sequence shown in SEQ 
ID NO: 70, and a heavy chain amino acid comprising the amino acid sequence shown in SEQ 
ID NO: 74. 

[0010] Further embodiments include human monoclonal antibodies having a light 
chain complementarity determining region 1 (CDR1) having an amino acid sequence of "Arg 
Ala Ser Gin Gly He Arg lie Asp Leu Gly". Antibodies herein can also include a light chain 
complementarity determining region 2 (CDR2) having an amino acid sequence of "Ala Ala 
Ser Thr Leu Gin Ser", a light chain complementarity determining region 3 (CDR3) having an 
amino acid sequence of "Leu Gin His Lys Ser Tyr Pro Leu Thr", a light chain amino acid 
comprising the amino acid sequence shown in SEQ ID NO: 72. 

[0011] In other embodiments, the invention provides human monoclonal 
antibodies that specifically bind to Tumor Necrosis Factor-a and comprise a light chain 
complementarity determining region 1 (CDR1) having an amino acid sequence of "Arg Ala 
Ser Gin Gly He Arg He Asp Leu Gly", a light chain complementarity determining region 2 
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(CDR2) having an amino acid sequence of "Ala Ala Ser Thr Leu Gin Ser" 5 and a light chain 
complementarity determining region 3 (CDR3) having an amino acid sequence of "Leu Gin 
His Lys Ser Tyr Pro Leu Thr". 

[0012] Still further embodiments include human monoclonal antibodies having a 
.heavy chain complementarity determining region 1 (CDR1) having an amino acid sequence 
of "Ser Tyr Asp Met His", a heavy chain complementarity determining region 2 (CDR2) 
having an amino acid sequence of "Val He Trp Ser Asp Gly Ser He Lys Tyr Tyr Ala Asp Ser 
Val Lys Gly", and a heavy chain complementarity determining region 3 (CDR3) having an 
amino acid sequence of "Glu Val Glu Ser Ala Met Gly Gly Phe Tyr Tyr Asn Gly Met Asp 
Val". 

[0013] In other embodiments the invention includes human monoclonal 
antibodies that specifically bind to Tumor Necrosis Factor-a and include a VH3-33 heavy 
chain gene, or conservative variants thereof. Antibodies described herein can also include an 
A30VK1 light chain gene. 

[0014] Further embodiments of the invention include human monoclonal 
antibodies that specifically bind to Tumor Necrosis Factor-a, wherein the antibodies 
comprise a heavy chain complementarity determining region 1 (CDR1) corresponding to 
canonical class 1. The antibodies provided herein can also include a heavy chain 
complementarity determining region 2 (CDR2) corresponding to canonical class 3, a light 
chain complementarity determining region 1 (CDR1) corresponding to canonical class 2, a 
light chain complementarity determining region 2 (CDR2) corresponding to canonical class 
1, and a light chain complementarity determining region 3 (CDR3) corresponding to 
canonical class 1. 

[0015] In other embodiments, the invention provides human monoclonal 
antibodies that specifically bind to Tumor Necrosis Factor-a and include a heavy chain 
complementarity determining region 1 (CDR1) having an amino acid sequence of "Arg Asn 
Tyr Met Ser". Antibodies can further include a heavy chain complementarity determining 
region 2 (CDR2) having an amino acid sequence of "Val He Tyr Ser Gly Asp Arg Thr Tyr 
Tyr Ala Asp Ser Val Lys Gly", a heavy chain complementarity determining region 3 (CDR3) 
having an amino acid sequence of "Gly Glu Gly Gly Phe Asp Tyr", and a heavy chain amino 
acid having the amino acid sequence shown in SEQ ID NO: 50. 
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[0016] In further embodiments of the invention, human monoclonal antibodies 
can include a light chain complementarity determining region 1 (CDR1) having an amino 
acid sequence of "Arg Ala Ser Gin Ser Val Ser Ser Asn Leu Ala", a light chain 
complementarity determining region 2 (CDR2) having an amino acid sequence of "Gly Ala 
Ser He Arg Ala Thr", a light chain complementarity determining region 3 (CDR3) having an 
amino acid sequence of "Gin Gin Tyr Asn Tyr Trp Trp Thr", and a light chain amino acid 
comprising the amino acid sequence shown in SEQ ID NO: 52. 

[0017] In still further embodiments, the invention includes human monoclonal 
antibodies that specifically bind to Tumor Necrosis Factor-a and have a light chain 
complementarity determining region 1 (CDR1) having an amino acid sequence of "Arg Ala 
Ser Gin Ser Val Ser Ser Asn Leu Ala", a light chain complementarity determining region 2 
(CDR2) having an amino acid sequence of "Gly Ala Ser He Arg Ala Thr", a light chain 
complementarity determining region 3 (CDR3) having an amino acid sequence of "Gin Gin 
Tyr Asn Tyr Trp Trp Thr", a heavy chain complementarity determining region 1 (CDR1) 
having an amino acid sequence of "Arg Asn Tyr Met Ser", a heavy chain complementarity 
determining region 2 (CDR2) having an amino acid sequence of "Val He Tyr Ser Gly Asp 
Arg Thr Tyr Tyr Ala Asp Ser Val Lys Gly", and a heavy chain complementarity determining 
region 3 (CDR3) having an amino acid sequence of "Gly Glu Gly Gly Phe Asp Tyr". 

[0018] In other embodiments, the invention provides human monoclonal 
antibodies that specifically bind to Tumor Necrosis Factor-a and have a VH3-53 heavy chain 
gene, or conservative variant thereof. Antibodies herein can also include an L2VK3 light 
chain gene. 

[0019] In additional embodiments, the invention includes human monoclonal 
antibodies that specifically bind to Tumor Necrosis Factor-a, wherein the antibodies 
comprise a heavy chain complementarity determining region 1 (CDR1) corresponding to 
canonical class 1. The antibodies herein can also include a heavy chain complementarity 
determining region 2 (CDR2) corresponding to canonical class 1, a light chain 
complementarity determining region 1 (CDR1) corresponding to canonical class 2, a light 
chain complementarity determining region 2 (CDR2) corresponding to canonical class 1, and 
a light chain complementarity determining region 3 (CDR3) corresponding to canonical class 
3. 
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[0020] The invention further provides methods for assaying the level of tumor 
necrosis factor alpha (TNFa) in a patient sample, comprising contacting an anti-TNFa 
antibody with a biological sample from a patient, and detecting the level of binding between 
said antibody and TNFa in said sample. In more specific embodiments, the biological 
sample is blood. 

[0021] In other embodiments the invention provides compositions, including an 
antibody or functional fragment thereof, and a pharmaceutically acceptable carrier. 

[0022] Still further embodiments of the invention include methods of effectively 
treating an animal suffering from a neoplastic disease, including selecting an animal in need 
of treatment for a neoplastic disease, and administering to said animal a therapeutically 
effective dose of a fully human monoclonal antibody that specifically binds to tumor necrosis 
factor alpha (TNFa). 

[0023] Treatable neoplastic diseases can include breast cancer, ovarian cancer, 
bladder cancer, lung cancer, glioblastoma, stomach cancer, endometrial cancer, kidney 
cancer, colon cancer, pancreatic cancer, and prostrate cancer. 

[0024] Further methods of the invention relate to effectively treating an immuno- 
mediated inflammatory disease. These methods include selecting an animal in need of 
treatment for an inflammatory condition, and administering to said animal a therapeutically 
effective dose of a fully human monoclonal antibody, wherein said antibody specifically 
binds to tumor necrosis factor alpha (TNFa). Treatable immuno-mediated inflammatory 
diseases include rheumatoid arthritis, glomerulonephritis, atherosclerosis, psoriasis, 
restenosis, autoimmune disease, Crohn's disease, graft-host reactions, septic shock, cachexia, 
anorexia, ankylosing spondylitis and multiple sclerosis. 

[0025] Additional embodiments of the invention include methods of inhibiting 
tumor necrosis factor alpha (TNFa) induced apoptosis in an animal. These methods include 
selecting an animal in need of treatment for TNFa induced apoptosis, and administering to 
said animal a therapeutically effective dose of a fully human monoclonal antibody wherein 
said antibody specifically binds to TNFa. 

[0026] Further embodiments of the invention include the use of an antibody of in 
the preparation of medicament for the treatment of neoplastic disease in an animal, wherein 
said monoclonal antibody specifically binds to tumor necrosis factor (TNFa). Treatable 
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neoplastic diseases can include breast cancer, ovarian cancer, bladder cancer, lung cancer, 
glioblastoma, stomach cancer, endometrial cancer, kidney cancer, colon cancer, pancreatic 
cancer, and prostrate cancer. 

[0027] Further uses of the antibodies herein can be for the preparation of a 
medicament for the effective treatment of immuno-mediated inflammatory diseases in an 
animal, wherein said monoclonal antibody specifically binds to tumor necrosis factor 
(TNFa). Treatable immuno-mediated inflammatory diseases can include rheumatoid 
arthritis, glomerulonephritis, atherosclerosis, psoriasis, restenosis, autoimmune disease, 
Crohn's disease, graft-host reactions, septic shock, cachexia, anorexia, and multiple sclerosis. 

[0028] In still further embodiments, the antibodies described herein can be used 
for the preparation of a medicament for the effective treatment of tumor necrosis factor 
induced apoptosis in an animal, wherein said monoclonal antibody specifically binds to 
tumor necrosis factor (TNFa). 

[0029] Embodiments of the invention described herein related to monoclonal 
antibodies that bind TNFa and affect TNFa function. Other embodiments relate to fully 
human anti-TNFa antibodies and anti-TNFa antibody preparations with desirable properties 
from a therapeutic perspective, including strong binding affinity for TNFa, the ability to 
neutralize TNFa in vitro and in vivo, and the ability to inhibit TNFa induced apoptosis. 

[0030] In a preferred embodiment, antibodies described herein bind to TNFa with 
very high affinities (Kd). For example a human, rabbit, mouse, chimeric or humanized 
antibody that is capable of binding TNFa with a Kd less than, but not limited to, 10" 7 , 10~ 8 , 
10" 9 , 1CT 10 , 10" 11 , 10" 12 , 10' 13 or 10~ 14 M, or any range or value therein. The rabbit antibody 
R014, described herein, possesses a measured affinity in the 10' 13 (fM) range. Antibody 299 
V.l and 299 V.2 were shown to possess affinities in the 10" 13 or low 10" 12 (M) range. 
Affinity and/or avidity measurements can be measured by KinExA® and/or BIACORE®, as 
described herein. 

[0031] Accordingly, one embodiment described herein includes isolated 
antibodies, or fragments of those antibodies, that bind to TNFa. As known in the art, the 
antibodies can advantageously be, for example, monoclonal, chimeric and/or fully human 
antibodies. Embodiments of the invention described herein also provide cells for producing 
these antibodies. 
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[0032] Another embodiment of the invention is a fully human antibody that binds 
to TNFa and comprises a heavy chain amino acid sequence having the complementarity 
determining region (CDR) with one of the sequences shown in Tables 31-34. It is noted that 
CDR determinations can be readily accomplished by those of ordinary skill in the art. See 
for example, Kabat et al., Sequences of Proteins of Immunological Interest, Fifth Edition, 
NIH Publication 91-3242, Bethesda MD [1991], vols. 1-3. 

[0033] Yet another embodiment is an antibody that binds to TNFa and comprises 
a light chain amino acid sequence having a CDR comprising one of the sequences shown in 
Tables 32 and 34. In certain embodiments the antibody is a fully human monoclonal 
antibody. 

[0034] A further embodiment is an antibody that binds to TNFa and comprises a 
heavy chain amino acid sequence having one of the CDR sequences shown in Tables 31 and 
33 and a light chain amino acid sequence having one of the CDR sequences shown in Tables 
32 and 34. In certain embodiments the antibody is a fully human monoclonal antibody. 

[0035] Another embodiment of the invention is a fully human antibody that binds 
to other TNFa family members including, but not limited to, TNFp. A further embodiment 
herein is an antibody that cross-competes for binding to TNFa with the fully human 
antibodies of the invention. 

[0036] It will be appreciated that embodiments of the invention are not limited to 
any particular form of an antibody or method of generation or production. For example, the 
anti-TNFa antibody may be a full-length antibody (e.g., having an intact human Fc region) or 
an antibody fragment (e.g., a Fab, Fab' or F(ab') 2 ). In addition, the antibody may be 
manufactured from a hybridoma that secretes the antibody, or from a recombinantly 
produced cell that has been transformed or transfected with a gene or genes encoding the 
antibody. 

[0037] Other embodiments of the invention include isolated nucleic acid 
molecules encoding any of the antibodies described herein, vectors having an isolated nucleic 
acid molecules encoding anti-TNFa antibodies or a host cell transformed with any of such 
nucleic acid molecules. In addition, one embodiment of the invention is a method of 
producing an anti-TNFa antibody by culturing host cells under conditions wherein a nucleic 
acid molecule is expressed to produce the antibody followed by recovering the antibody. 
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[0038] A further embodiment herein includes a method of producing high affinity 
antibodies to TNFa by immunizing a mammal with human TNFa, or a fragment thereof, and 
one or more orthologous sequences or fragments thereof. 

[0039] Other embodiments are based upon the generation and identification of 
isolated antibodies that bind specifically to TNFa. TNFa is expressed at elevated levels in 
neoplastic diseases, such as tumors, and other inflammatory diseases. Inhibition of the 
biological activity of TNFa can prevent inflammation and other desired effects, including 
TNFa induced apoptosis. 

[0040] Another embodiment of the invention includes a method of diagnosing 
diseases or conditions in which an antibody prepared as described herein is utilized to detect 
the level of TNFa in a patient sample. In one embodiment, the patient sample is blood or 
blood serum. In further embodiments, methods for the identification of risk factors, 
diagnosis of disease, and staging of disease is presented which involves the identification of 
the overexpression of TNFa using anti-TNFa antibodies. 

[0041] Another embodiment of the invention includes a method for diagnosing a 
condition associated with the expression of TNFa in a cell by contacting the cell with an anti- 
TNFa antibody, and thereafter detecting the presence of TNFa. Preferred conditions include, 
but are not limited to, neoplastic diseases including, without limitation, tumors, cancers, such 
as breast, ovarian, stomach, endometrial, salivary gland, lung, kidney, colon, colorectal, 
thyroid, pancreatic, prostate and bladder cancer. In another embodiment, an anti-TNFa 
antibody can be used to diagnose an inflammatory condition including, but is not limited to, 
atherosclerosis, restenosis, autoimmune disease, immuno-mediated inflammatory diseases 
(MIDs) including but not limited to rheumatoid arthritis, psoriasis, uveitis (e.g., childhood 
and seronegative), lupus and other diseases mediated by immune complexes such as 
pemphigus and glomerulonephritis, congential hyperthyroidism (CH), delayed type 
hypersensitivity (DTH) such as contact hypersensitivity, sarcoidosis, Behcet's disease, 
chronic arthritis, psoriatic arthritis, ankylosing spondylitis, adult still disease, primary 
Sjogren's disease, scleroderma, giant cell arteritis, SAPHO syndrome, primary biliary 
cirrhosis (PBC), sarcoidosis, myelodysplastic syndromes, Wegener's syndrome and other 
vasculitis, hematologic malignancies, cochleovestibular disorders, macrophage activation 
syndrome, asthma, interstitial lung disease, Hepatitis C, pulmonary fibrosis, ovulation 
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induction, myelodysplastic syndromes, Crohn's disease, graft-host reactions, septic shock, 
cachexia, anorexia, and multiple sclerosis. Other conditions the antibodies can diagnose are 
disclosed in U.S. Patent No. 6,090,382 to Salfeld et al, and U.S. Patent No. 5,436,154 to 
Barbanti, et al. both of which are incorporated by reference in their entireties. 

[0042] In another embodiment, the invention includes an assay kit for detecting 
TNFa and TNFa family members in mammalian tissues or cells to screen for neoplastic 
diseases or inflammatory conditions. The kit includes an antibody that binds to TNFa and a 
means for indicating the reaction of the antibody with TNFa, if present. Preferably the 
antibody is a monoclonal antibody. In one embodiment, the antibody that binds TNFa is 
labeled. In another embodiment the antibody is an unlabeled first antibody and the kit further 
includes a means for detecting the first antibody. In one embodiment, the means includes a 
labeled second antibody that is an anti-immunoglobulin. Preferably the antibody is labeled 
with a marker selected from the group consisting of a fluorochrome, an enzyme, a 
radionuclide and a radiopaque material. 

[0043] Other embodiments of the invention include pharmaceutical compositions 
having an effective amount of an anti-TNFa antibody in admixture with a pharmaceutically 
acceptable carrier or diluent. In yet other embodiments, the anti-TNFa antibody, or a 
fragment thereof, is conjugated to a therapeutic agent. The therapeutic agent can be, for 
example, a toxin or a radioisotope. Preferably, such antibodies can be used for the treatment 
of diseases, including for example, tumors, cancers, such as breast, ovarian, stomach, 
endometrial, salivary gland, lung, kidney, colon, colorectal, thyroid, pancreatic, prostate and 
bladder cancer, as well as other inflammatory conditions including but not limited to, 
atherosclerosis, restenosis, autoimmune disease, immuno-mediated inflammatory diseases 
(IMIDs) including but not limited to rheumatoid arthritis, psoriasis, uveitis {e.g., childhood 
and seronegative), lupus and other diseases mediated by immune complexes such as 
pemphigus and glomerulonephritis, congential hyperthyroidism (CH), delayed type 
hypersensitivity (DTH) such as contact hypersensitivity, sarcoidosis, Behcet's disease, 
chronic arthritis, psoriatic arthritis, ankylosing spondylitis, adult still disease, primary 
Sjogren's disease, scleroderma, giant cell arteritis, SAPHO syndrome, primary biliary 
cirrhosis (PBC), sarcoidosis, myelodysplastic syndromes, Wegener's syndrome and other 
vasculitis, hematologic malignancies, cochleovestibular disorders, macrophage activation 
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syndrome, asthma, interstitial lung disease, Hepatitis C, pulmonary fibrosis, ovulation 
inductionmyelodysplastic syndromes, Crohn's disease, graft-host reactions, septic shock, 
cachexia, anorexia, and multiple sclerosis. Other conditions the antibodies can treat are 
disclosed in U.S. Patent No. 6,090,382 to Salfeld et al., and U.S. Patent No. 5,436,154 to 
Barbanti, et al., both of which are incorporated by reference in their entireties. 

[0044] Yet another embodiment includes methods for treating diseases or 
conditions associated with the expression of TNFa in a patient, by administering to the 
patient an effective amount of an anti-TNFa antibody. The method can be performed in vivo 
and the patient is preferably a human patient. In a preferred embodiment, the method 
concerns the treatment of tumors, tumors, cancers, such as breast, ovarian, stomach, 
endometrial, salivary gland, lung, kidney, colon, colorectal, thyroid, pancreatic, prostate and 
bladder cancer. In another embodiment, the inflammatory condition includes, but is not 
limited to, atherosclerosis, restenosis, autoimmune disease, immuno-mediated inflammatory 
diseases (MIDs) including but not limited to rheumatoid arthritis, psoriasis, uveitis (e.g., 
childhood and seronegative), lupus and other diseases mediated by immune complexes such 
as pemphigus and glomerulonephritis, congential hyperthyroidism (CH), delayed type 
hypersensitivity (DTH) such as contact hypersensitivity, sarcoidosis, Behcet's disease, 
chronic arthritis, psoriatic arthritis, ankylosing spondylitis, adult still disease, primary 
Sjogren's disease, scleroderma, giant cell arteritis, SAPHO syndrome, primary biliary 
cirrhosis (PBC), sarcoidosis, myelodysplastic syndromes, Wegener's syndrome and other 
vasculitis, hematologic malignancies, cochleovestibular disorders, macrophage activation 
syndrome, asthma, interstitial lung disease, Hepatitis C, pulmonary fibrosis, ovulation 
induction, myelodysplastic syndromes, Crohn's disease, graft-host reactions, septic shock, 
cachexia, anorexia, and multiple sclerosis. Other conditions the antibodies can treat are 
disclosed in U.S. Patent No. 6,090,382 to Salfeld et al., and U.S. Patent No. 5,436,154 to 
Barbanti, et al. both of which are incorporated by reference in their entireties. 

[0045] In another embodiment, the invention provides an article of manufacture 
including a container. The container includes a composition containing an anti-TNFa 
antibody, and a package insert or label indicating that the composition can be used to treat 
neoplastic or inflammatory diseases characterized by the overexpression of TNFa. 
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[0046] In some embodiments, the anti-TNFa antibody is administered to a 
patient, followed by administration of a clearing agent to remove excess circulating antibody 
from the blood. 

[0047] In some embodiments, anti-TNFa antibodies can be modified to enhance 
their capability of fixing complement and participating in complement-dependent 
cytotoxicity (CDC). In one embodiment, anti-TNFa antibodies can be modified, such as by 
an amino acid substitution, to alter their clearance from the body. Alternatively, some other 
amino acid substitutions may slow clearance of the antibody from the body. 

[0048] Yet another embodiment is the use of an anti-TNFa antibody in the 
preparation of a medicament for the treatment of diseases such as neoplastic diseases and 
inflammatory conditions. In one embodiment, the neoplastic diseases include tumors and 
cancers, such as breast, ovarian, stomach, endometrial, salivary gland, lung, kidney, colon, 
colorectal, thyroid, pancreatic, prostate and bladder cancer. In another embodiment, the 
inflammatory condition includes, but is not limited to, atherosclerosis, restenosis, 
autoimmune disease, immuno-mediated inflammatory diseases (IMIDs) including but not 
limited to rheumatoid arthritis, psoriasis, uveitis {e.g., childhood and seronegative), lupus and 
other diseases mediated by immune complexes such as pemphigus and glomerulonephritis, 
congential hyperthyroidism (CH), delayed type hypersensitivity (DTH) such as contact 
hypersensitivity, sarcoidosis, Behcet's disease, chronic arthritis, psoriatic arthritis, ankylosing 
spondylitis, adult still disease, primary Sjogren's disease, scleroderma, giant cell arteritis, 
SAPHO syndrome, primary biliary cirrhosis (PBC), sarcoidosis, myelodysplastic syndromes, 
Wegener's syndrome and other vasculitis, hematologic malignancies, cochleovestibular 
disorders, macrophage activation syndrome, asthma, interstitial lung disease, Hepatitis C, 
pulmonary fibrosis, ovulation induction, myelodysplastic syndromes, Crohn's disease, graft- 
host reactions, septic shock, cachexia, anorexia, and multiple sclerosis. Other conditions the 
antibodies can treat are disclosed in U.S. Patent No. 6,090,382 to Salfeld et al., and U.S. 
Patent No. 5,436,154 to Barbanti, et al. both of which are incorporated by reference in their 
entireties. 
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[0049] Fig. 1 is a bar graph which illustrates the effect that various hybridoma 
derived, human anti-TNFa binding antibodies have on neutralizing TNFa induced cell 
apoptosis in human WM 266 cells. The graph shows caspase activity as a measure of TNFa 
induced apoptosis. 

[0050] Fig. 2 is a point graph that compares the anti-TNFa limited antigen 
binding between antibodies in B-cell culture supernatants to that of a control antibody (4.17 
IgG2) over a concentration range. The triangles represent the B-cell culture supernatant 
clones, and the blocks represent Bar Antibody (4.17 IgG2). B-cell culture supernatants 
clones with points above the bar antibody curve are ranked as having potentially higher 
affinity. 

[0051] Fig. 3 is a representative bar graph that compares the effectiveness of 
various XENOMAX® B-cell culture supernatants at inhibiting TNFa induced cell apoptosis 
in human MCF-7 cells. 

[0052] Fig. 4 is a representative point graph that shows calculated potency 
comparisons for neutralization of TNFa induced apoptosis on human MCF-7 cells by 
XENOMAX® B-cell culture supernatants. The triangles represent the potency of B-cell 
culture supernatants, while the squares represent the potency of a bar control, 3.2 IgG2. 

[0053] Fig. 5 is a line graph of anti-TNF reagents binding E. coli expressed 
soluble human TNF by ELIS A. 

[0054] Fig. 6 is a line graph of anti-TNF reagents binding and cross-reacting to E. 
coli expressed soluble cynomolgous macaque monkey TNF by ELIS A. 

[0055] Fig. 7 is a representative line graph showing an example of neutralizing 
anti-TNFa antibody titration curves used to generate IC 5 o values. Anti-TNFa reagents were 
pre-incubated with 100 pg/ml of TNFa for 1 hour at 37°C. Neutralization was assayed using 
MCF-7 cells and detected as a ratio of propidium iodide and Heochst 33342 staining. 

[0056] Fig. 8 is a representative line graph showing an example of neutralizing 
anti-TNFa reagents titration curves used to generate IC 5 o values. Anti-TNFa antibodies were 
pre-incubated with 100 pg/ml of TNFa for 18 hours at 37°C. Neutralization was assayed 
using MCF-7 cells and detected as a ratio of propidium iodide and Heochst 33342 staining. 
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[0057] Fig. 9 is a bar graph that shows the average IC50 values for anti-TNFa 
neutralization. Neutralization and IC50 calculations were performed as described in the brief 
description of Fi gure 8 . 

[0058] Fig. 10 is a bar graph that shows the average IC50 values for anti-TNFa 
neutralization. Neutralization was performed on human WM266 cells and caspase activity 
was measured as an indication of TNFa induced apoptosis. Antibody IC50 calculations were 
performed as described in the brief description of Figure 7. 

[0059] Fig. 1 1 is a line graph representing a whole blood assay for the inhibition 
of IL-8 induction by TNF, measured by ELISA. Titration curves were used to generate IC50 
values. 

[0060] Fig. 12 is a representative line graph of the in-vivo inhibition of TNFa 
induced hepatic failure using anti-TNF reagents. Liver injury induced by TNFa and D-GalN 
was assessed by measuring serum enzyme activities of alanine aminotransferase (ALT). 
Titration curves were used to generate IC50 values. 

[0061] Fig. 13 is a representative line graph of the in-vivo inhibition of TNFa 
induced IL-6 using anti-TNF reagents and measured by ELISA. Titration curves were used 
to generate IC50 values 

DETAILED DESCRIPTION 
[0062] Embodiments of the invention described herein relate to monoclonal 
antibodies that bind to TNFa. In some embodiments, the antibodies bind to TNFa and affect 
TNFa function. Other embodiments provide fully human anti-TNFa antibodies and anti- 
TNFa antibody preparations with desirable properties from a therapeutic perspective, 
including strong binding affinity for TNFa, the ability to neutralize TNFa in vitro, the ability 
to inhibit TNFa-induced hepatic injury in vivo, and the ability to inhibit TNFa-induced IL-6 
production in vivo. 

[0063] Accordingly, embodiments of the invention include isolated antibodies, or 
fragments of those antibodies, that bind to TNFa. As known in the art, the antibodies can 
advantageously be fully human monoclonal antibodies. Embodiments of the invention also 
provide cells for producing these antibodies. 
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[0064] In addition, embodiments of the invention provide for using these 
antibodies as a diagnostic tool or for treatment of a disease. For example, embodiments of 
the invention provide methods and antibodies for inhibiting expression of TNFa associated 
with infectious diseases, immune disorders, autoimmune pathologies, graft vs. host disease 
(GVHD), neoplasia, cancer associated cachexia, gram negative sepsism, endotoxic shock, 
Crohn's disease, and rheumatoid arthritis. Preferably, the antibodies are used to treat 
cancers, such as breast, ovarian, stomach, endometrial, salivary gland, lung, kidney, colon, 
colorectal, thyroid, pancreatic, prostate and bladder cancer, as well as other inflammatory 
conditions, including, but not limited to, rheumatoid arthritis, glomerulonephritis, 
atherosclerosis, psoriasis, organ transplants, restenosis and autoimmune diseases. In 
association with such treatment, articles of manufacture including antibodies as described 
herein are provided. Additionally, an assay kit having antibodies as described herein is 
provided to screen for tumors and inflammatory conditions. 

[0065] Additionally, the nucleic acids described herein, and fragments and 
variants thereof, may be used, by way of nonlimiting example, (a) to direct the biosynthesis 
of the corresponding encoded proteins, polypeptides, fragments and variants as recombinant 
or heterologous gene products, (b) as probes for detection and quantification of the nucleic 
acids disclosed herein, (c) as sequence templates for preparing antisense molecules, and the 
like. Such uses are described more fully in the following disclosure. 

[0066] Furthermore, the proteins and polypeptides described herein, and 
fragments and variants thereof, may be used in ways that include (a) serving as an 
immunogen to stimulate the production of an anti-TNFa antibody, (b),a capture antigen in an 
immunogenic assay for such an antibody, (c) as a target for screening for substances that bind 
to a TNFa polypeptide described herein, and (d) a target for a TNFa specific antibody such 
that treatment with the antibody affects the molecular and/or cellular function mediated by 
the target. 

[0067] Further embodiments, features, and the like regarding the anti-TNFa 
antibodies are provided in additional detail below. 
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Sequence Listing 

[0068] The heavy chain and light chain variable region nucleotide and amino acid 
sequences of representative human anti-TNFa antibodies are provided in the sequence 
listing, the contents of which are summarized in Table 1 below. 



Table 1 



mAb 
ID No.: 


Sequence 


SEQ ID 


2 


Nucleotide sequence encoding the variable region of the heavy chain 


i 


Amino acid sequence encoding the variable region of the heavy chain 


2 


Nucleotide sequence encoding the variable region of the light chain 


3 


Amino acid sequence encoding the variable region of the light chain 


4 


15 


Nucleotide sequence encoding the variable region of the heavy chain 


5 


Amino acid sequence encoding the variable region of the heavy chain 


6 


Nucleotide sequence encoding the variable region of the light chain 


7 


Amino acid sequence encoding the variable region of the light chain 


8 


25 


Nucleotide sequence encoding the variable region of the heavy chain 


9 


Amino acid sequence encoding the variable region of the heavy chain 


10 


Nucleotide sequence encoding the variable region of the light chain 


11 


Amino acid sequence encoding the variable region of the light chain 


12 


28 


Nucleotide sequence encoding the variable region of the heavy chain 


13 


Amino acid sequence encoding the variable region of the heavy chain 


14 


Nucleotide sequence encoding the variable region of the light chain 


15 


Amino acid sequence encoding the variable region of the light chain 


16 


70k/69g 


Nucleotide sequence encoding the variable region of the heavy chain 


17 


Amino acid sequence encoding the variable region of the heavy chain 


18 


Nucleotide sequence encoding the variable region of the light chain 


19 


Amino acid sequence encoding the variable region of the light chain 


20 


95 


Nucleotide sequence encoding the variable region of the heavy chain 


21 


Amino acid sequence encoding the variable region of the heavy chain 


| 22 
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Nucleotide sequence encoding the variable region of the light chain 


23 


Amino acid sequence encoding the variable region of the light chain 


24 


123 


Nucleotide sequence encoding the variable region of the heavy chain 


25 


Amino acid sequence encoding the variable region of the heavy chain 


26 


Nucleotide sequence encoding the variable region of the light chain 


27 


Amino acid sequence encoding the variable region of the light chain 


28 


131 


Nucleotide sequence encoding the variable region of the heavy chain 


29 


Amino acid sequence encoding the variable region of the heavy chain 


30 


Nucleotide sequence encoding the variable region of the light chain 


31 


Amino acid sequence encoding the variable region of the light chain 


32 


145k/ 
140g 


Nucleotide sequence encoding the variable region of the heavy chain 


33 


Amino acid sequence encoding the variable region of the heavy chain 


34 


Nucleotide sequence encoding the variable region of the light chain 


35 


Amino acid sequence encoding the variable region of the light chain 


36 


148 


Nucleotide sequence encoding the variable region of the heavy chain 


37 


Amino acid sequence encoding the variable region of the heavy chain 


38 


Nucleotide sequence encoding the variable region of the light chain 


39 


Amino acid sequence encoding the variable region of the light chain 


40 


234 


Nucleotide sequence encoding the variable region of the heavy chain 


41 


Amino acid sequence encoding the variable region of the heavy chain 


42 


Nucleotide sequence encoding the variable region of the light chain 


43 


Amino acid sequence encoding the variable region of the light chain 


44 


250 


Nucleotide sequence encoding the variable region of the heavy chain 


45 


Amino acid sequence encoding the variable region of the heavy chain 


46 


Nucleotide sequence encoding the variable region of the light chain 


47 


Amino acid sequence encoding the variable region of the light chain 


48 


263 


Nucleotide sequence encoding the variable region of the heavy chain 


49 


Amino acid sequence encoding the variable region of the heavy chain 


50 


Nucleotide sequence encoding the variable region of the light chain 


51 


Amino acid sequence encoding the variable region of the light chain 


52 
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269 


Nucleotide sequence encoding the variable region of the heavy chain 


53 


Amino acid sequence encoding the variable region of the heavy chain 


54 


Nucleotide sequence encoding the variable region of the light chain 


55 


Amino acid sequence encoding the variable region of the light chain 


56 


280 


Nucleotide sequence encoding the variable region of the heavy chain 


57 


Amino acid sequence encoding the variable region of the heavy chain 


58 


Nucleotide sequence encoding the variable region of the light chain 


59 


Amino acid sequence encoding the variable region of the light chain 


60 


282 


Nucleotide sequence encoding the variable region of the heavy chain 


61 


Amino acid sequence encoding the variable region of the heavy chain 


62 


Nucleotide sequence encoding the variable region of the light chain 


63 


Amino acid sequence encoding the variable region of the light chain 


64 


291 


Nucleotide sequence encoding the variable region of the heavy chain 


65 


Amino acid sequence encoding the variable region of the heavy chain 


66 


Nucleotide sequence encoding the variable region of the light chain 


67 


Amino acid sequence encoding the variable region of the light chain 


68 


299vl 


Nucleotide sequence encoding the variable region of the heavy chain 


69 


Amino acid sequence encoding the variable region of the heavy chain 


70 


Nucleotide sequence encoding the variable region of the light chain 


71 


Amino acid sequence encoding the variable region of the light chain 


72 


299v2 


Nucleotide sequence encoding the variable region of the heavy chain 


73 


Amino acid sequence encoding the variable region of the heavy chain 


74 


Nucleotide sequence encoding the variable region of the light chain 


71 


Amino acid sequence encoding the variable region of the light chain 


' 72 


313 


Nucleotide sequence encoding the variable region of the heavy chain 


75 


Amino acid sequence encoding the variable region of the heavy chain 


76 


Nucleotide sequence encoding the variable region of the light chain 


77 


Amino acid sequence encoding the variable region of the light chain 


78 
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R014 


Nucleotide sequence encoding the variable region of the heavy chain 


79 


Amino acid sequence encoding the variable region of the heavy chain 


80 


Nucleotide sequence encoding the variable region of the light chain 


81 


Amino acid sequence encoding the variable region of the light chain 


82 


1.1 


Nucleotide sequence encoding the variable region of the heavy chain 


83 


Amino acid sequence encoding the variable region of the heavy chain 


84 


Nucleotide sequence encoding the variable region of the light chain 


85 


Amino acid sequence encoding the variable region of the light chain 


86 


2.1 


Nucleotide sequence encoding the variable region of the heavy chain 


87 


Amino acid sequence encoding the variable region of the heavy chain 


88 


Nucleotide sequence encoding the variable region of the light chain 


89 


Amino acid sequence encoding the variable region of the light chain 


90 


2.2 


Nucleotide sequence encoding the variable region of the heavy chain 


91 


Amino acid sequence encoding the variable region of the heavy chain 


92 


Nucleotide sequence encoding the variable region of the light chain 


93 


Amino acid sequence encoding the variable region of the light chain 


94 


2.3 


Nucleotide sequence encoding the variable region of the heavy chain 


95 


Amino acid sequence encoding the variable region of the heavy chain 


96 


Nucleotide sequence encoding the variable region of the light chain 


97 


Amino acid sequence encoding the variable region of the light chain 


98 


2.4 


Nucleotide sequence encoding the variable region of the heavy chain 


99 


Amino acid sequence encoding the variable region of the heavy chain 


100 


Nucleotide sequence encoding the variable region of the light chain 


101 


Amino acid sequence encoding the variable region of the light chain 


102 


2.5 


Nucleotide sequence encoding the variable region of the heavy chain 


103 


Amino acid sequence encoding the variable region of the heavy chain 


104 


Nucleotide sequence encoding the variable region of the light chain 


105 


Amino acid sequence encoding the variable region of the light chain 


106 
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2.6 


Nucleotide sequence encoding the variable region of the heavy chain 


107 


Amino acid sequence encoding the variable region of the heavy chain 


108 


Nucleotide sequence encoding the variable region of the light chain 


109 


Amino acid sequence encoding the variable region of the light chain 


110 


2.7 


Nucleotide sequence encoding the variable region of the heavy chain 


111 


Amino acid sequence encoding the variable region of the heavy chain 


112 


Nucleotide sequence encoding the variable region of the light chain 


113 


Amino acid sequence encoding the variable region of the light chain 


114 


2.8 


Nucleotide sequence encoding the variable region of the heavy chain 


115 


Amino acid sequence encoding the variable region of the heavy chain 


116 


Nucleotide sequence encoding the variable region of the light chain 


117 


Amino acid sequence encoding the variable region of the light chain 


118 


2.9 


Nucleotide sequence encoding the variable region of the heavy chain 


119 


Amino acid sequence encoding the variable region of the heavy chain 


120 


Nucleotide sequence encoding the variable region of the light chain 


121 


Amino acid sequence encoding the variable region of the light chain 


122 


2.10 


Nucleotide sequence encoding the variable region of the heavy chain 


123 


Amino acid sequence encoding the variable region of the heavy chain 


124 


Nucleotide sequence encoding the variable region of the light chain 


125 


Amino acid sequence encoding the variable region of the light chain 


126 


2.13 


Nucleotide sequence encoding the variable region of the heavy chain 


127 


Amino acid sequence encoding the variable region of the heavy chain 


128 


Nucleotide sequence encoding the variable region of the light chain 


129 


Amino acid sequence encoding the variable region of the light chain 


130 1 


2.14 


Nucleotide sequence encoding the variable region of the heavy chain 


131 


Amino acid sequence encoding the variable region of the heavy chain 


132 


Nucleotide sequence encoding the variable region of the light chain 


133 


Amino acid sequence encoding the variable region of the light chain 


134 
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2.15 


Nucleotide sequence encoding the variable region of the heavy chain 


135 


Amino acid sequence encoding the variable region of the heavy chain 


136 


Nucleotide sequence encoding the variable region of the light chain 


137 


Amino acid sequence encoding the variable region of the light chain 


138 


2.16 


Nucleotide sequence encoding the variable region of the heavy chain 


139 


Amino acid sequence encoding the variable region of the heavy chain 


140 


Nucleotide sequence encoding the variable region of the light chain 


141 


Amino acid sequence encoding the variable region of the light chain 


142 


2.17 


Nucleotide sequence encoding the variable region of the heavy chain 


143 


Amino acid sequence encoding the variable region of the heavy chain 


144 


Nucleotide sequence encoding the variable region of the light chain 


145 


Amino acid sequence encoding the variable region of the light chain 


146 


2.18 


Nucleotide sequence encoding the variable region of the heavy chain 


147 


Amino acid sequence encoding the variable region of the heavy chain 


148 


Nucleotide sequence encoding the variable region of the light chain 


149 


Amino acid sequence encoding the variable region of the light chain 


150 


2.19 


Nucleotide sequence encoding the variable region of the heavy chain 


151 


Amino acid sequence encoding the variable region of the heavy chain 


152 


Nucleotide sequence encoding the variable region of the lambda light chain 


153 


Amino acid sequence encoding the variable region of the lambda light chain 


154 


Nucleotide sequence encoding the variable region of the kappa light chain 


155 


Amino acid sequence encoding the variable region of the kappa light chain 


156 


2.21 


Nucleotide sequence encoding the variable region of the heavy chain 


157 


Amino acid sequence encoding the variable region of the heavy chain 


158 


Nucleotide sequence encoding the variable region of the light chain 


159 


Amino acid sequence encoding the variable region of the light chain 


160 


3.1 


Nucleotide sequence encoding the variable region of the heavy chain 


161 


Amino acid sequence encoding the variable region of the heavy chain 


162 


Nucleotide sequence encoding the variable region of the light chain 


163 


Amino acid sequence encoding the variable region of the light chain 


164 
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3.2 


Nucleotide sequence encoding the variable region of the heavy chain 


165 


Amino acid sequence encoding the variable region of the heavy chain 


166 


Nucleotide sequence encoding the variable region of the light chain 


167 


Amino acid sequence encoding the variable region of the light chain 


168 


3.4 


Nucleotide sequence encoding the variable region of the heavy chain 


169 


Amino acid sequence encoding the variable region of the heavy chain 


170 


Nucleotide sequence encoding the variable region of the light chain 


171 


Amino acid sequence encoding the variable region of the light chain 


172 


3.5 


Nucleotide sequence encoding the variable region of the heavy chain 


173 


Amino acid sequence encoding the variable region of the heavy chain 


174 


Nucleotide sequence encoding the variable region of the light chain 


175 


Amino acid sequence encoding the variable region of the light chain 


176 


3.6 


Nucleotide sequence encoding the variable region of the heavy chain 


177 


Amino acid sequence encoding the variable region of the heavy chain 


178 


Nucleotide sequence encoding the variable region of the light chain 


179 


Amino acid sequence encoding the variable region of the light chain 


180 


3.8 


Nucleotide sequence encoding the variable region of the heavy chain 


181 


Amino acid sequence encoding the variable region of the heavy chain 


182 


Nucleotide sequence encoding the variable region of the light chain 


183 


Amino acid sequence encoding the variable region of the light chain 


184 


3.9 


Nucleotide sequence encoding the variable region of the heavy chain 


185 


Amino acid sequence encoding the variable region of the heavy chain 


186 


Nucleotide sequence encoding the variable region of the light chain 


187 


Amino acid sequence encoding the variable region of the light chain 


188 


4.3 


Nucleotide sequence encoding the variable region of the heavy chain 


189 


Amino acid sequence encoding the variable region of the heavy chain 


190 


Nucleotide sequence encoding the variable region of the light chain 


191 


Amino acid sequence encoding the variable region of the light chain 


192 
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4.4 


Nucleotide sequence encoding the variable region of the heavy chain 


193 


Amino acid sequence encoding the variable region of the heavy chain 


194 


Nucleotide sequence encoding the variable region of the light chain 


195 


Amino acid sequence encoding the variable region of the light chain 


196 


4.7 


Nucleotide sequence encoding the variable region of the heavy chain 


197 


Amino acid sequence encoding the variable region of the heavy chain 


198 


Nucleotide sequence encoding the variable region of the light chain 


199 


Amino acid sequence encoding the variable region of the light chain 


200 


4.8 


Nucleotide sequence encoding the variable region of the heavy chain 


201 


Amino acid sequence encoding the variable region of the heavy chain 


202 


Nucleotide sequence encoding the variable region of the light chain 


203 


Amino acid sequence encoding the variable region of the light chain 


204 


4.9 


Nucleotide sequence encoding the variable region of the heavy chain 


205 


Amino acid sequence encoding the variable region of the heavy chain 


206 


Nucleotide sequence encoding the variable region of the light chain 


207 


Amino acid sequence encoding the variable region of the light chain 


208 


4.10 


Nucleotide sequence encoding the variable region of the heavy chain 


209 


Amino acid sequence encoding the variable region of the heavy chain 


210 


Nucleotide sequence encoding the variable region of the light chain 


211 


Amino acid sequence encoding the variable region of the light chain 


212 


4.11 


Nucleotide sequence encoding the variable region of the heavy chain 


213 


Amino acid sequence encoding the variable region of the heavy chain 


214 


Nucleotide sequence encoding the variable region of the light chain 


215 


Amino acid sequence encoding the variable region of the light chain 


216 


4.12 


Nucleotide sequence encoding the variable region of the heavy chain 


217 


Amino acid sequence encoding the variable region of the heavy chain 


218 


Nucleotide sequence encoding the variable region of the light chain 


219 


Amino acid sequence encoding the variable region of the light chain 


220 
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4.13 


Nucleotide sequence encoding the variable region of the heavy chain 


221 


Amino acid sequence encoding the variable region of the heavy chain 


222 


Nucleotide sequence encoding the variable region of the light chain 


223 


Amino acid sequence encoding the variable region of the light chain 


224 


4.14 


Nucleotide sequence encoding the variable region of the heavy chain 


225 


Amino acid sequence encoding the variable region of the heavy chain 


226 


Nucleotide sequence encoding the variable region of the light chain 


227 


Amino acid sequence encoding the variable region of the light chain 


228 


4.15 


Nucleotide sequence encoding the variable region of the heavy chain 


229 


Amino acid sequence encoding the variable region of the heavy chain 


230 


Nucleotide sequence encoding the variable region of the light chain 


231 


Amino acid sequence encoding the variable region of the light chain 


232 


4.16 


Nucleotide sequence encoding the variable region of the heavy chain 


233 


Amino acid sequence encoding the variable region of the heavy chain 


234 


Nucleotide sequence encoding the variable region of the light chain 


235 


Amino acid sequence encoding the variable region of the light chain 


236 


4.17 


Nucleotide sequence encoding the variable region of the heavy chain 


237 


Amino acid sequence encoding the variable region of the heavy chain 


238 


Nucleotide sequence encoding the variable region of the light chain 


239 


Amino acid sequence encoding the variable region of the light chain 


240 


4.18 


Nucleotide sequence encoding the variable region of the heavy chain 


241 


Amino acid sequence encoding the variable region of the heavy chain 


242 


Nucleotide sequence encoding the variable region of the light chain 


243 


Amino acid sequence encoding the variable region of the light chain 


244 


4.19 


Nucleotide sequence, encoding the variable region of the heavy chain 


245 


Amino acid sequence encoding the variable region of the heavy chain 


246 


Nucleotide sequence encoding the variable region of the light chain 


247 


Amino acid sequence encoding the variable region of the light chain 


248 
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4.20 


Nucleotide sequence encoding the variable region of the heavy chain 


249 


Amino acid sequence encoding the variable region of the heavy chain 


250 


Nucleotide sequence encoding the variable region of the light chain 


251 


Amino acid sequence encoding the variable region of the light chain 


252 


4.21 


Nucleotide sequence encoding the variable region of the heavy chain 


253 


Amino acid sequence encoding the variable region of the heavy chain 


254 


Nucleotide sequence encoding the variable region of the light chain 


255 


Amino acid sequence encoding the variable region of the light chain 


256 


4.22 


Nucleotide sequence encoding the variable region of the heavy chain 


257 


Amino acid sequence encoding the variable region of the heavy chain 


258 


Nucleotide sequence encoding the variable region of the light chain 


259 


Amino acid sequence encoding the variable region of the light chain 


260 


4.23 


Nucleotide sequence encoding the variable region of the heavy chain 


261 


Amino acid sequence encoding the variable region of the heavy chain 


262 


Nucleotide sequence encoding the variable region of the light chain 


263 


Amino acid sequence encoding the variable region of the light chain 


264 



Definitions 

[0069] Unless otherwise defined, scientific and technical terms used herein shall 
have the meanings that are commonly understood' by those of ordinary skill in the art. 
Further, unless otherwise required by context, singular terms shall include pluralities and 
plural terms shall include the singular. Generally, nomenclatures utilized in connection with, 
and techniques of, cell and tissue culture, molecular biology, and protein and oligo- or 
polynucleotide chemistry and hybridization described herein are those well known and 
commonly used in the ' art. Standard techniques are used for recombinant DNA, 
oligonucleotide synthesis, and tissue culture and transformation (e.g., electroporation, 
lipofection). Enzymatic reactions and purification techniques are performed according to 
manufacturer's specifications or as commonly accomplished in the art or as described herein. 
The foregoing techniques and procedures are generally performed according to conventional 
methods well known in the art and as described in various general and more specific 
references that are cited and discussed throughout the present specification. See e.g., 
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Sambrook et al Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y. (1989)), which is incorporated herein by 
reference. The nomenclatures utilized in connection with, and the laboratory procedures and 
techniques of, analytical chemistry, synthetic organic chemistry, and medicinal and 
pharmaceutical chemistry described herein are those well known and commonly used in the 
art. Standard techniques are used for chemical syntheses, chemical analyses, pharmaceutical 
preparation, formulation, and delivery, and treatment of patients. 

[0070] As utilized in accordance with the present disclosure, the following terms, 
unless otherwise indicated, shall be understood to have the following meanings: 

[0071] The term "TNFa" refers to the cytokine, Tumor Necrosis Factor-alpha 
(Pennica, D. et ai, 1984, Nature 312:724-729). TNFa is also known in the art as cachectin. 

[0072] The term "neutralizing" when referring to an antibody relates to an 
antibody's ability to eliminate or significantly reduce an effector function of a target antigen 
to which is binds. Accordingly, a "neutralizing" anti-TNFa antibody is capable of 
eliminating or significantly reducing an effector function, such as TNFa activity. 

[0073] The term "isolated polynucleotide" as used herein shall mean a 
polynucleotide of genomic, cDNA, or synthetic origin or some combination thereof, which 
by virtue of its origin the "isolated polynucleotide" (1) is not associated with all or a portion 
of a polynucleotide in which the "isolated polynucleotide" is found in nature, (2) is operably 
linked to a polynucleotide which it is not linked to in nature, or (3) does not occur in nature 
as part of a larger sequence. 

[0074] The term "isolated protein" referred to herein means a protein of cDNA, 
recombinant RNA, or synthetic origin or some combination thereof, which by virtue of its 
origin, or source of derivation, the "isolated protein" (1) is not associated with proteins found 
in nature, (2) is free of other proteins from the same source, e.g. free of murine proteins, (3) 
is expressed by a cell from a different species, or (4) does not occur in nature. 

[0075] The term "polypeptide" is used herein as a generic term to refer to native 
protein, fragments, or analogs of a polypeptide sequence. Hence, native protein, fragments, 
and analogs are species of the polypeptide genus. Preferred polypeptides in accordance with 
the invention comprise the human heavy chain immunoglobulin molecules and the human 
kappa light chain immunoglobulin molecules, as well as antibody molecules formed by 
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combinations comprising the heavy chain immunoglobulin molecules with light chain 
immunoglobulin molecules, such as the kappa light chain immunoglobulin molecules, and 
vice versa, as well as fragments and analogs thereof. 

[0076] The term "naturally-occurring" as used herein as applied to an object 
refers to the fact that an object can be found in nature. For example, a polypeptide or 
polynucleotide sequence that is present in an organism (including viruses) that can be 
isolated from a source in nature and which has not been intentionally modified by man in the 
laboratory or otherwise is naturally-occurring. 

[0077] The term "operably linked" as used herein refers to positions of 
components so described that are in a relationship permitting them to function in their 
intended manner. For example, a control sequence "operably linked" to a coding sequence is 
connected in such a way that expression of the coding sequence is achieved under conditions 
compatible with the control sequences. 

[0078] The term "control sequence" as used herein refers to polynucleotide 
sequences which are necessary to effect the expression and processing of coding sequences 
to which they are connected. The nature of such control sequences differs depending upon 
the host organism; in prokaryotes, such control sequences generally include promoter, 
ribosomal binding site, and transcription termination sequence; in eukaryotes, generally, such 
control sequences include promoters and transcription termination sequence. The term 
"control sequences" is intended to include, at a minimum, all components whose presence is 
essential for expression and processing, and can also include additional components whose 
presence is advantageous, for example, leader sequences and fusion partner sequences. 

[0079] The term "polynucleotide" as referred to herein means a polymeric form 
of nucleotides of at least 10 bases in length, either ribonucleotides or deoxynucleotides or a 
modified form of either type of nucleotide. The term includes single and double stranded 
forms of DNA. 

[0080] The term "oligonucleotide" referred to herein includes naturally occurring, 
and modified nucleotides linked together by naturally occurring, and non-naturally occurring 
oligonucleotide linkages. Oligonucleotides are a polynucleotide subset generally comprising 
a length of 200 bases or fewer. Preferably, oligonucleotides are 10 to 60 bases in length and 
most preferably 12, 13, 14, 15, 16, 17, 18, 19, or 20 to 40 bases in length. Oligonucleotides 
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are usually single stranded, e.g. for probes; although oligonucleotides may be double 
stranded, e.g. for use in the construction of a gene mutant. Oligonucleotides can be either 
sense or antisense oligonucleotides. 

[0081] The term "naturally occurring nucleotides" referred to herein includes 
deoxyribonucleotides and ribonucleotides. The term "modified nucleotides" referred to 
herein includes nucleotides with modified or substituted sugar groups and the like. The term 
"oligonucleotide linkages" referred to herein includes oligonucleotides linkages such as 
phosphorothioate, phosphorodithioate, phosphoroselenoate, phosphorodiselenoate, 
phosphoroanilothioate, phosphoraniladate, phosphoroamidate, and the like. See e.g., 
LaPlanche et al. Nucl Acids Res. 14:9081 (1986); Stec et al. 1 Am. Chem. Soc. 106:6077 
(1984); Stein et al. Nucl Acids Res. 16:3209 (1988); Zon et al. Anti-Cancer Drug Design 
6:539 (1991); Zon et al. Oligonucleotides and Analogues: A Practical Approach, pp. 87-108 
(R Eckstein, Ed., Oxford University Press, Oxford England (1991)); Stec et al. U.S. Patent 
No. 5,151,510; Uhlmann and Peyman Chemical Reviews 90:543 (1990), the disclosures of 
which are hereby incorporated by reference. An oligonucleotide can include a label for 
detection, if desired. 

[0082] The term "selectively hybridize" referred to herein means to detectably 
and specifically bind. Polynucleotides, oligonucleotides and fragments thereof selectively 
hybridize to nucleic acid strands under hybridization and wash conditions that minimize 
appreciable amounts of detectable binding to nonspecific nucleic acids. High stringency 
conditions can be used to achieve selective hybridization conditions as known in the art and 
discussed herein. Generally, the nucleic acid sequence homology between the 
polynucleotides, oligonucleotides, or antibody fragments and a nucleic acid sequence of 
interest will be at least 80%, and more typically with preferably increasing homologies of at 
least 85%, 90%, 95%, 99%, and 100%. 

[0083] Two amino acid sequences are "homologous" if there is a partial or 
complete identity between their sequences. For example, 85% homology means that 85% of 
the amino acids are identical when the two sequences are aligned for maximum matching. 
Gaps (in either of the two sequences being matched) are allowed in maximizing matching; 
gap lengths of 5 or less are preferred with 2 or less being more preferred. Alternatively and 
preferably, two protein sequences (or polypeptide sequences derived from them of at least 
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about 30 amino acids in length) are homologous, as this term is used herein, if they have an 
alignment score of at more than 5 (in standard deviation units) using the program ALIGN 
with the mutation data matrix and a gap penalty of 6 or greater. See Dayhoff, M.O., in Atlas 
of Protein Sequence and Structure, pp. 101-110 (Volume 5, National Biomedical Research 
Foundation (1972)) and Supplement 2 to this volume, pp. 1-10. The two sequences or parts 
thereof are more preferably homologous if their amino acids are greater than or equal to 50% 
identical when optimally aligned using the ALIGN program. 

[0084] The term "corresponds to" is used herein to mean that a polynucleotide 
sequence is homologous (i.e., is identical, not strictly evolutionarily related) to all or a 
portion of a reference polynucleotide sequence, or that a polypeptide sequence is identical to 
a reference polypeptide sequence. 

[0085] In contradistinction, the term "complementary to" is used herein to mean 
that the complementary sequence is homologous to all or a portion of a reference 
polynucleotide sequence. For illustration, the nucleotide sequence "TATAC" corresponds to 
a reference sequence "TATAC" and is complementary to a reference sequence "GTATA". 

[0086] The following terms are used to describe the sequence relationships 
between two or more polynucleotide or amino acid sequences: "reference sequence", 
"comparison window", "sequence identity", "percentage of sequence identity", and 
"substantial identity". A "reference sequence" is a defined sequence used as a basis for a 
sequence comparison. A reference sequence may be a subset of a larger sequence, for 
example, as a segment of a full-length cDNA or gene sequence given in a sequence listing or 
may comprise a complete cDNA or gene sequence. Generally, a reference sequence is at 
least 18 nucleotides or 6 amino acids in length, frequently at least 24 nucleotides or 8 amino 
acids in length, and often at least 48 nucleotides or 16 amino acids in length. Since two 
polynucleotides or amino acid sequences may each (1) comprise a sequence (i.e., a portion of 
the complete polynucleotide or amino acid sequence) that is similar between the two 
molecules, and (2) may further comprise a sequence that is divergent between the two 
polynucleotides or amino acid sequences, sequence comparisons between two (or more) 
molecules are typically performed by comparing sequences of the two molecules over a 
"comparison window" to identify and compare local regions of sequence similarity. A 
"comparison window", as used herein, refers to a conceptual segment of at least about 1 8 
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contiguous nucleotide positions or about 6 amino acids wherein the polynucleotide sequence 
or amino acid sequence is compared to a reference sequence of at least 18 contiguous 
nucleotides or 6 amino acid sequences and wherein the portion of the polynucleotide 
sequence in the comparison window may include additions, deletions, substitutions, and the 
like (i.e., gaps) of 20 percent or less as compared to the reference sequence (which does not 
comprise additions or deletions) for optimal alignment of the two sequences. Optimal 
alignment of sequences for aligning a comparison window may be conducted by the local 
homology algorithm of Smith and Waterman Adv. Appl Math. 2:482 (1981), by the 
homology alignment algorithm of Needleman and Wunsch Mol. Biol. 48:443 (1970), by 
the search for similarity method of Pearson and Lipman Proc. Natl Acad. Sci. (U.S.A.) 
85:2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT, 
FASTA, and TFASTA in the Wisconsin Genetics Software Package Release 7.0, (Genetics 
Computer Group, 575 Science Dr., Madison, Wis.), GENEWORKS™, or MACVECTOR® 
software packages), or by inspection, and the best alignment (i.e., resulting in the highest 
percentage of homology over the comparison window) generated by the various methods is 
selected. 

[0087] The term "sequence identity" means that two polynucleotide or amino acid 
sequences are identical (i.e., on a nucleotide-by-nucleotide or residue-by-residue basis) over 
the comparison window. The term "percentage of sequence identity" is calculated by 
comparing two optimally aligned sequences over the window of comparison, determining the 
number of positions at which the identical nucleic acid base (e.g., A, T, C, G, U, or I) or 
amino acid residue occurs in both sequences to yield the number of matched positions, 
dividing the number of matched positions by the total number of positions in the comparison 
window (i.e., the window size), and multiplying the result by 100 to yield the percentage of 
sequence identity. The terms "substantial identity" as used herein denotes a characteristic of 
a polynucleotide or amino acid sequence, wherein the polynucleotide or amino acid 
comprises a sequence that has at least 85 percent sequence identity, preferably at least 90 to 
95 percent sequence identity, more preferably at least 99 percent sequence identity, as 
compared to a reference sequence over a comparison window of at least 1 8 nucleotide (6 
amino acid) positions, frequently over a window of at least 24-48 nucleotide (8-16 amino 
acid) positions, wherein the percentage of sequence identity is calculated by comparing the 



reference sequence to the sequence which may include deletions or additions which total 20 
percent or less of the reference sequence over the comparison window. The reference 
sequence may be a subset of a larger sequence. 

[0088] As used herein, the twenty conventional amino acids and their 
abbreviations follow conventional usage. See Immunology - A Synthesis (2 nd Edition, E.S. 
Golub and D.R. Gren, Eds., Sinauer Associates, Sunderland, Mass. (1991)), which is 
incorporated herein by reference. Stereoisomers (e.g., D-amino acids) of the twenty 
conventional amino acids, unnatural amino acids such as a-, a-di substituted amino acids, N- 
alkyl amino acids, lactic acid, and other unconventional amino acids may also be suitable 
components for polypeptides of the present invention. Examples of unconventional amino 
acids include: 4-hydroxyproline, y-carboxyglutamate, s-N,N,N-trimethyllysine, e-N- 
acetyllysine, O-phosphoserine, N-acetylserine, N-formylmethionine, 3-methylhistidine, 5- 
hydroxylysine, a-N-methylarginine, and other similar amino acids and imino acids (e.g., 4- 
hydroxyproline). In the polypeptide notation used herein, the left-hand direction is the amino 
terminal direction and the right-hand direction is the carboxy-terminal direction, in 
accordance with standard usage and convention. 

[0089] Similarly, unless specified otherwise, the left-hand end of single-stranded 
polynucleotide sequences is the 5' end; the left-hand direction of double-stranded 
polynucleotide sequences is referred to as the 5' direction. The direction of 5' to 3 ' addition 
of nascent RNA transcripts is referred to as the transcription direction; sequence regions on 
the DNA strand having the same sequence as the RNA and which are 5' to the 5' end of the 
RNA transcript are referred to as "upstream sequences"; sequence regions on the DNA strand 
having the same sequence as the RNA and which are 3' to the 3 ' end of the RNA transcript 
are referred to as "downstream sequences". 

[0090] As applied to polypeptides, the term "substantial identity" means that two 
peptide sequences, when optimally aligned, such as by the programs GAP or BESTFIT using 
default gap weights, share at least 80 percent sequence identity, preferably at least 90 percent 
sequence identity, more preferably at least 95 percent sequence identity, and most preferably 
at least 99 percent sequence identity. Preferably, residue positions which are not identical 
differ by conservative amino acid substitutions. Conservative amino acid substitutions refer 
to the interchangeability of residues having similar side chains. For example, a group of 
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amino acids having aliphatic side chains is glycine, alanine, valine, leucine, and isoleucine; a 
group of amino acids having aliphatic-hydroxyl side chains is serine and threonine; a group 
of amino acids having amide-containing side chains is asparagine and glutamine; a group of 
amino acids having aromatic side chains is phenylalanine, tyrosine, and tryptophan; a group 
of amino acids having basic side chains is lysine, arginine, and histidine; and a group of 
amino acids having sulfur-containing side chains is cysteine and methionine. Preferred 
conservative amino acids substitution groups are: valine-leucine-isoleucine, phenylalanine- 
tyrosine, lysine-arginine, alanine-valine, glutamic-aspartic, and asparagihe-glutamine. 

[0091] As discussed herein, minor variations in the amino acid sequences of 
antibodies or immunoglobulin molecules are contemplated as being encompassed by the 
present invention, providing that the variations in the amino acid sequence maintain at least 
75%, more preferably at least 80%, 90%, 95%, and most preferably 99% sequence identity to 
the antibodies or immunoglobulin molecules described herein. In particular, conservative 
amino acid replacements are contemplated. Conservative replacements are those that take 
place within a family of amino acids that have related side chains. Genetically encoded 
amino acids are generally divided into families: (1) acidic=aspartate, glutamate; (2) 
basic=lysine, arginine, histidine; (3) non-polar=alanine, valine, leucine, isoleucine, proline, 
phenylalanine, methionine, tryptophan; and (4) uncharged polar=glycine, asparagine, 
glutamine, cysteine, serine, threonine, tyrosine. More preferred families are: serine and 
threonine are an aliphatic-hydroxy family; asparagine and glutamine are an amide-containing 
family; alanine, valine, leucine and isoleucine are an aliphatic family; and phenylalanine, 
tryptophan, and tyrosine are an aromatic family. For example, it is reasonable to expect that 
an isolated replacement of a leucine with an isoleucine or valine, an aspartate with a 
glutamate, a threonine with a serine, or a similar replacement of an amino acid with a 
structurally related amino acid will not have a major effect on the binding function or 
properties of the resulting molecule, especially if the replacement does not involve an amino 
acid within a framework site. Whether an amino acid change results in a functional peptide 
can readily be determined by assaying the specific activity of the polypeptide derivative. 
Assays are described in detail herein. Fragments or analogs of antibodies or immunoglobulin 
molecules can be readily prepared by those of ordinary skill in the art. Preferred amino- and 
carboxy-termini of fragments or analogs occur near boundaries of functional domains. 
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Structural and functional domains can be identified by comparison of the nucleotide and/or 
amino acid sequence data to public or proprietary sequence databases. Preferably, 
computerized comparison methods are used to identify sequence motifs or predicted protein 
conformation domains that occur in other proteins of known structure and/or function. 
Methods to identify protein sequences that fold into a known three-dimensional structure are 
known. Bowie et al. Science 253:164 (1991). Thus, the foregoing examples demonstrate 
that those of skill in the art can recognize sequence motifs and structural conformations that 
may be used to define structural and functional domains in accordance with the antibodies 
described herein. 

[0092] Preferred amino acid substitutions are those which: (1) reduce 
susceptibility to proteolysis, (2) reduce susceptibility to oxidation, (3) alter binding affinity 
for forming protein complexes, (4) alter binding affinities, and (4) confer or modify other 
physicochemical or functional properties of such analogs. Analogs can include various 
muteins of a sequence other than the naturally-occurring peptide sequence. For example, 
single or multiple amino acid substitutions (preferably conservative amino acid substitutions) 
may be made in the naturally-occurring sequence (preferably in the portion of the 
polypeptide outside the domain(s) forming intermolecular contacts. A conservative amino 
acid substitution should not substantially change the structural characteristics of the parent 
sequence (e.g., a replacement amino acid should not tend to break a helix that occurs in the 
parent sequence, or disrupt other types of secondary structure that characterizes the parent 
sequence). Examples of art-recognized polypeptide secondary and tertiary structures are 
described in Proteins, Structures and Molecular Principles (Creighton, Ed., W. H. Freeman 
and Company, New York (1984)); Introduction to Protein Structure (C. Branden and J. 
Tooze, eds., Garland Publishing, New York, N.Y. (1991)); and Thornton et at. Nature 
354:105 (1991), which are each incorporated herein by reference. 

[0093] The term "polypeptide fragment" as used herein refers to a polypeptide 
that has an amino-terminal and/or carboxy-terminal deletion, but where the remaining amino 
acid sequence is identical to the corresponding positions in the naturally-occurring sequence 
deduced, for example, from a full-length cDNA sequence. Fragments typically are at least 5, 
6, 8 or 10 amino acids long, preferably at least 14 amino acids long, more preferably at least 
20 amino acids long, usually at least 50 amino acids long, and even more preferably at least 
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70 amino acids long. The term "analog" as used herein refers to polypeptides which are 
comprised of a segment of at least 25 amino acids that has substantial identity to a portion of 
a deduced amino acid sequence and which has at least one of the following properties: (1) 
specific binding to a TNFa, under suitable binding conditions, (2) ability to block appropriate 
TNFa binding, or (3) ability to inhibit TNFa activity. Typically, polypeptide analogs 
comprise a conservative amino acid substitution (or addition or deletion) with respect to the 
naturally-occurring sequence. Analogs typically are at least 20 amino acids long, preferably 
at least 50 amino acids long or longer, and can often be as long as a full-length naturally- 
occurring polypeptide. 

[0094] Peptide analogs are commonly used in the pharmaceutical industry as non- 
peptide drugs with properties analogous to those of the template peptide. These types of non- 
peptide compound are termed "peptide mimetics" or "peptidomimetics". Fauchere, Adv. 
Drug Res. 15:29 (1986); Veber and Freidinger TINS p.392 (1985); and Evans et al. J. Med. 
Chem. 30:1229 (1987), which are incorporated herein by reference. Such compounds are 
often developed with the aid of computerized molecular modeling. Peptide mimetics that are 
structurally similar to therapeutically useful peptides may be used to produce an equivalent 
therapeutic or prophylactic effect. Generally, peptidomimetics are structurally similar to a 
paradigm polypeptide (i.e., a polypeptide that has a biochemical property or pharmacological 
activity), such as human antibody, but have one or more peptide linkages optionally replaced 
by a linkage selected from the group consisting of: ~CH 2 NH--, --CH2S--, --CH 2 -CH 2 --, 
CH=CH-(cis and trans), -COCH 2 -, -CH(OH)CH 2 - 5 and -CH 2 SO--, by methods well 
known in the art. Systematic substitution of one or more amino acids of a consensus 
sequence with a D-amino acid of the same type (e.g., D-lysine in place of L-lysine) may be 
used to generate more stable peptides. In addition, constrained peptides comprising a 
consensus sequence or a substantially identical consensus sequence variation may be 
generated by methods known in the art (Rizo and Gierasch Ann. Rev. Biochem. 61:387 
(1992), incorporated herein by reference); for example, by adding internal cysteine residues 
capable of forming intramolecular disulfide bridges which cyclize the peptide. 

[0095] "Antibody" or "antibody peptide(s)" refer to an intact antibody, or a 
binding fragment thereof, that competes with the intact antibody for specific binding. 
Binding fragments are produced by recombinant DNA techniques, or by enzymatic or 
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chemical cleavage of intact antibodies. Binding fragments include Fab, Fab', F(ab') 2 , Fv, 
and single-chain antibodies. An antibody other than a "bispecific" or "Afunctional" antibody 
is understood to have each of its binding sites identical. An antibody substantially inhibits 
adhesion of a receptor to a counterreceptor when an excess of antibody reduces the quantity 
of receptor bound to counterreceptor by at least about 20%, 40%, 60% or 80%, and more 
usually greater than about 85% (as measured in an in vitro competitive binding assay). 

[0096] The term "epitope" includes any protein determinant capable of specific 
binding to an immunoglobulin or T-cell receptor. Epitopic determinants usually consist of 
chemically active surface groupings of molecules such as amino acids or sugar side chains 
and usually have specific three dimensional structural characteristics, as well as specific 
charge characteristics. An antibody is said to specifically bind an antigen when the 
dissociation constant is <1 |iM, preferably < 100 nM and most preferably < 10 nM. 

[0097] The term "agent" is used herein to denote a chemical compound, a mixture 
of chemical compounds, a biological macromolecule, or an extract made from biological 
materials. 

[0098] "Active" or "activity" in regard to a TNFa polypeptide refers to a portion 
of a TNFa polypeptide which has a biological or an immunological activity of a native TNFa 
polypeptide. "Biological" when used herein refers to a biological function that results from 
the activity of the native TNFa polypeptide. A preferred TNFa biological activity includes, 
for example, TNFa induced apoptosis. 

[0099] "Mammal" when used herein refers to any animal that is considered a 
mammal. Preferably, the mammal is human. 

[0100] Digestion of antibodies with the enzyme, papain, results in two identical 
antigen-binding fragments, known also as "Fab" fragments, and a "Fc" fragment, having no 
antigen-binding activity but having the ability to crystallize. Digestion of antibodies with the 
, enzyme, pepsin, results in the a F(ab') 2 fragment in which the two arms of the antibody 
molecule remain linked and comprise two-antigen binding sites. The F(ab') 2 fragment has 
the ability to crosslink antigen. 

[0101] "Fv" when used herein refers to the minimum fragment of an antibody that 
retains both antigen-recognition and antigen-binding sites. 
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[0102] "Fab" when used herein refers to a fragment of an antibody which 
comprises the constant domain of the light chain and the CHI domain of the heavy chain. 
[0103] The term "mAb" refers to monoclonal antibody. 

[0104] The description of XENOMAX® antibody sequences is coded as follows: 
"AB"-referring to antibody, "TNFa"-referring to antibody's binding specificity, "X" 
referring to XENOMOUSE® derived, "Gl "-referring to IgGl isotype or "G2" referring to 
IgG2 isotype, the last three digits referring to the single cell number from which the antibody 
was derived, for example: AB-TNFa-XGl-015. 

[0105] The term "SC" refers to single cell and a particular XENOMAX® derived 
antibody may be referred to as SC followed by three digits, or just three digits, referring to 
the single cell number from which the antibody was derived herein. 

[0106] The description of hybridoma derived antibody sequences is coded as 
follows: "AB"-referring to antibody, "TNF<x"-refers to the antibody's binding specificity, 
"X" refers to XENOMOUSE® derived, "Gl"-refers to IgGl isotype or "G2" refers to IgG2 
isotype, "K" refers to kappa, "L' refers to lambda, the last three digits referring to the clone 
from which the antibody was derived, for example: AB-TNFa-XG2K-4.17 

[0107] "Liposome" when used herein refers to a small vesicle that may be useful 
for delivery of drugs that may include the TNFa polypeptide of the invention or antibodies to 
such a TNFa polypeptide to a mammal. 

[0108] "Label" or "labeled" as used herein refers to the addition of a detectable 
moiety to a polypeptide, for example, a radiolabel, fluorescent label, enzymatic label 
chemiluminescent labeled or a biotinyl group. Radioisotopes or radionuclides may include 
3 H, 14 C, 15 N, 35 S, 90 Y, "Tc, U1 ln, 125 I, 131 I, fluorescent labels may include rhodamine, 
lanthanide phosphors or FITC and enzymatic labels may include horseradish peroxidase, p- 
galactosidase, luciferase, alkaline phosphatase. 

[0109] The term "pharmaceutical agent or drug" as used herein refers to a 
chemical compound or composition capable of inducing a desired therapeutic effect when 
properly administered to a patient. Other chemistry terms herein are used according to 
conventional usage in the art, as exemplified by The McGraw-Hill Dictionary of Chemical 
Terms (Parker, S., Ed., McGraw-Hill, San Francisco (1985)), (incorporated herein by 
reference). 
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[0110] As used herein, "substantially pure" means an object species is the 
predominant species present (i.e., on a molar basis it is more abundant than any other 
individual species in the composition), and preferably a substantially purified fraction is a 
composition wherein the object species comprises at least about 50 percent (on a molar basis) 
of all macromolecular species present. Generally, a substantially pure composition will 
comprise more than about 80 percent of all macromolecular species present in the 
composition, more preferably more than about 85%, 90%, 95%, and 99%. Most preferably, 
the object species is purified to essential homogeneity (contaminant species cannot be 
detected in the composition by conventional detection methods) wherein the composition 
consists essentially of a single macromolecular species. 

[01 11] The term "patient" includes human and veterinary subjects. 

[0112] The term "SLAM®" refers to the "Selected Lymphocyte Antibody 
Method" (Babcook et al, Proc. Natl Acad. Sci. USA, i93:7843-7848 (1996), and Schrader, 
US Patent No. 5,627,052), both of which are incorporated by reference in their entireties. 

[0113] The term "XENOMAX®" refers use of to the use of the "Selected 
Lymphocyte Antibody Method" (Babcook et al., Proc. Natl. Acad. Set USA, i93:7843-7848 
(1996)), when used with XENOMOUSE® animals. 

Antibody Structure 

[0114] The basic antibody structural unit is known to comprise a tetramer. Each 
tetramer is composed of two identical pairs of polypeptide chains, each pair having one 
"light" (about 25 kDa) and one "heavy" chain (about 50-70 kDa). The amino-terminal 
portion of each chain includes a variable region of about 100 to 110 or more amino acids 
primarily responsible for antigen recognition. The carboxy-terminal portion of each chain 
defines a constant region primarily responsible for effector function. Human light chains are 
classified as kappa and lambda light chains. Heavy chains are classified as mu, delta, 
gamma, alpha, or epsilon, and define the antibody's isotype as IgM, IgD, IgA, and IgE, 
respectively. Within light and heavy chains, the variable and constant regions are joined by a 
"J" region of about 12 or more amino acids, with the heavy chain also including a "D" region 
of about 10 more amino acids. See generally, Fundamental Immunology Ch. 7 (Paul, W., 
ed., 2nd ed. Raven Press, N.Y. (1989)) (incorporated by reference in its entirety for all 
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purposes). The variable regions of each light/heavy chain pair form the antibody binding 
site. 

[0115] Thus, an intact antibody has two binding sites. Except in bifunctional or 
bispecific antibodies, the two binding sites are the same. 

[0116] The chains all exhibit the same general structure of relatively conserved 
framework regions (FR) joined by three hyper variable regions, also called complementarity 
determining regions or CDRs. The CDRs from the two chains of each pair are aligned by the 
framework regions, enabling binding to a specific epitope. From N-terminal to C-terminal, 
both light and heavy chains comprise the domains FR1, CDR1, FR2, CDR2, FR3, CDR3 and 
FR4. The assignment of amino acids to each domain is in accordance with the definitions of 
Kabat Sequences of Proteins of Immunological Interest (National Institutes of Health, 
Bethesda, Md. (1987 and 1991)), or Chothia & Lesk J. Mol. Biol 196:901-917 (1987); 
Chothia et al. Nature 342:878-883 (1989). 

[0117] A bispecific or bifunctional antibody is an artificial hybrid antibody 
having two different heavy/light chain pairs and two different binding sites. Bispecific 
antibodies can be produced by a variety of methods including fusion of hybridomas or 
linking of Fab' fragments. See, e.g., Songsivilai & Lachmann Clin. Exp. Immunol. 79: 315- 
321 (1990), Kostelny et al. J. Immunol. 148:1547-1553 (1992). Production of bispecific 
antibodies can be a relatively labor intensive process compared with production of 
conventional antibodies and yields and degree of purity are generally lower for bispecific 
antibodies. Bispecific antibodies do not exist in the form of fragments having a single 
binding site (e.g., Fab, Fab', and Fv). 

Human Antibodies and Humanization of Antibodies 

[0118] Human antibodies avoid some of the problems associated with antibodies 
that possess murine or rat variable and/or constant regions. The presence of such murine or 
rat derived proteins can lead to the rapid clearance of the antibodies or can lead to the 
generation of an immune response against the antibody by a patient. In order to avoid the 
utilization of murine or rat derived antibodies, fully human antibodies can be generated 
through the introduction of human antibody function into a rodent so that the rodent produces 
fully human antibodies. 
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[0119] One method for generating fully human antibodies is through the use of 
XENOMOUSE® strains of mice which have been engineered to contain 245 kb and 190 
kb-sized germline configuration fragments of the human heavy chain locus and kappa light 
chain locus. See Green et al. Nature Genetics 7:13-21 (1994). The XENOMOUSE® strains 
are available from Abgenix, Inc. (Fremont, CA). 

[0120] The production of the XENOMOUSE® is further discussed and delineated 
in U.S. Patent Application Serial Nos. 07/466,008, filed January 12, 1990, 07/610,515, filed 
November 8, 1990, 07/919,297, filed July 24, 1992, 07/922,649, filed July 30, 1992, filed 
08/031,801, filed March 15,1993, 08/112,848, filed August 27, 1993, 08/234,145, filed April 
28, 1994, 08/376,279, filed January 20, 1995, 08/430, 938, April 27, 1995, 08/464,584, filed 
June 5, 1995, 08/464,582, filed June 5, 1995, 08/463,191, filed June 5, 1995, 08/462,837, 
filed June 5, 1995, 08/486,853, filed June 5, 1995, 08/486,857, filed June 5, 1995, 
08/486,859, filed June 5, 1995, 08/462,513, filed June 5, 1995, 08/724,752, filed October 2, 
1996, and 08/759,620, filed December 3, 1996 and U.S. Patent Nos. 6,162,963, 6,150,584, 
6,114,598, 6,075,181, and 5,939,598 and Japanese Patent Nos. 3 068 180 B2, 3 068 506 B2, 
and 3 068 507 B2. See also Mendez et al. Nature Genetics 15:146-156 (1997) and Green and 
Jakobovits J. Exp. Med. 188:483-495 (1998). See also European Patent No., EP 0 463 151 
Bl, grant published June 12, 1996, International Patent Application No., WO 94/02602, 
published February 3, 1994, International Patent Application No., WO 96/34096, published 
October 31, 1996, WO 98/24893, published June 11, 1998, WO 00/76310, published 
December 21, 2000. The disclosures of each of the above-cited patents, applications, and 
references are hereby incorporated by reference in their entirety. 

[0121] In an alternative approach, others, including GenPharm International, Inc., 
have utilized a "minilocus" approach. In the minilocus approach, an exogenous Ig locus is 
mimicked through the inclusion of pieces (individual genes) from the Ig locus. Thus, one or 
more V H genes, one or more D H genes, one or more J H genes, a mu constant region, and a 
second constant region (preferably a gamma constant region) are formed into a construct for 
insertion into an animal. This approach is described in U.S. Patent No. 5,545,807 to Surani 
et al. and U.S. Patent Nos. 5,545,806, 5,625,825, 5,625,126, 5,633,425, 5,661,016, 
5,770,429, 5,789,650, 5,814,318, 5,877,397, 5,874,299, and 6,255,458 each to Lonberg and 
Kay, U.S. Patent No. 5,591,669 and 6,023.010 to Krimpenfort and Berns, U.S. Patent Nos. 
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5,612,205, 5,721,367, and 5,789,215 to Berns et al., and U.S. Patent No. 5,643,763 to Choi 
and Dunn, and GenPharm International U.S. Patent Application Serial Nos. 07/574,748, filed 
August 29, 1990, 07/575,962, filed August 31, 1990, 07/810,279, filed December 17, 1991, 
07/853,408, filed March 18, 1992, 07/904,068, filed June 23, 1992, 07/990,860, filed 
December 16, 1992, 08/053,131, filed April 26, 1993, 08/096,762, filed July 22, 1993, 
08/155,301, filed November 18, 1993, 08/161,739, filed December 3, 1993, 08/165,699, filed 
December 10, 1993, 08/209,741, filed March 9, 1994, the disclosures of which are hereby 
incorporated by reference. See also European Patent No. 0 546 073 Bl, International Patent 
Application Nos. WO 92/03918, WO 92/22645, WO 92/22647, WO 92/22670, WO 
93/12227, WO 94/00569, WO 94/25585, WO 96/14436, WO 97/13852, and WO 98/24884 
and U.S. Patent No. 5,981,175, the disclosures of which are hereby incorporated by reference 
in their entirety. See further Taylor et al., 1992, Chen et al., 1993, Tuaillon et al., 1993, Choi 
et al., 1993, Lonberg et al., (1994), Taylor et al., (1994), and Tuaillon et al., (1995), Fishwild 
et al., (1996), the disclosures of which are hereby incorporated by reference in their entirety. 

[0122] Kirin has also demonstrated the generation of human antibodies from mice 
in which, through microcell fusion, large pieces of chromosomes, or entire chromosomes, 
have been introduced. See European Patent Application Nos. 773 288 and 843 961, the 
disclosures of which are hereby incorporated by reference. 

[0123] Human anti-mouse antibody (HAMA) responses have led the industry to 
prepare chimeric or otherwise humanized antibodies. While chimeric antibodies have a 
human constant region and a murine variable region, it is expected that certain human anti- 
chimeric antibody (HACA) responses will be observed, particularly in chronic or multi-dose 
utilizations of the antibody. Thus, it would be desirable to provide fully human antibodies 
against TNFa in order to vitiate concerns and/or effects of HAMA or HACA response. 

Antibody Therapeutics 

[0124] As discussed herein, the function of the TNFa antibody appears important 
to at least a portion of its mode of operation. By function, is meant, by way of example, the 
activity of the TNFa antibody in operation with TNFa. Accordingly, in certain respects, it 
may be desirable in connection with the generation of antibodies as therapeutic candidates 
against TNFa that the antibodies be capable of fixing complement and participating in CDC. 
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There are a number of isotypes of antibodies that are capable of the same, including, without 
limitation, the following: murine IgM, murine IgG2a, murine IgG2b, murine IgG3, human 
IgM, human IgGl, and human IgG3. It will be appreciated that antibodies that are generated 
need not initially possess such an isotype but, rather, the antibody as generated can possess 
any isotype and the antibody can be isotype switched thereafter using conventional 
techniques that are well known in the art. Such techniques include the use of direct 
recombinant techniques (see e.g., U.S. Patent No. 4,816,397), cell-cell fusion techniques (see 
e.g., U.S. Patent Nos. 5,916,771 and 6,207,418), among others. 

[0125] In the cell-cell fusion technique, a myeloma or other cell line is prepared 
that possesses a heavy chain with any desired isotype and another myeloma or other cell line 
is prepared that possesses the light chain. Such cells can, thereafter, be fused and a cell line 
expressing an intact antibody can be isolated. 

[0126] By way of example, the TNFa antibody discussed herein is a human anti- 
TNFa IgG2 antibody. If such antibody possessed desired binding to the TNFa molecule, it 
could be readily isotype switched to generate a human IgM, human IgGl, or human IgG3 
isotype, while still possessing the same variable region (which defines the antibody's 
specificity and some of its affinity). Such molecule would then be capable of fixing 
complement and participating in CDC. 

[0127] Accordingly, as antibody candidates are generated that meet desired 
"structural" attributes as discussed above, they can generally be provided with at least certain 
of the desired "functional" attributes through isotype switching. 

Design and Generation of Other Therapeutics 

[0128] In accordance with the present invention and based on the activity of the 
antibodies that are produced and characterized herein with respect to TNFa, the design of 
other therapeutic modalities beyond antibody moieties is facilitated. Such modalities 
include, without limitation, advanced antibody therapeutics, such as bispecific antibodies, 
immunotoxins, and radiolabeled therapeutics, generation of peptide therapeutics, gene 
therapies, particularly intrabodies, antisense therapeutics, and small molecules. 

[0129] In connection with the generation of advanced antibody therapeutics, 
where complement fixation is a desirable attribute, it may be possible to sidestep the 
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dependence on complement for cell killing through the use of bispecifics, immunotoxins, or 
radiolabels, for example. 

[0130] For example, in connection with bispecific antibodies, bispecific 
antibodies can be generated that comprise (i) two antibodies one with a specificity to TNFa 
and another to a second molecule that are conjugated together, (ii) a single antibody that has, 
one chain specific to TNFa and a second chain specific to a second molecule, or (iii) a single 
chain antibody that has specificity to TNFa and the other molecule. Such bispecific 
antibodies can be generated using techniques that are well known; for example, in connection 
with (i) and (ii) see e.g., Fanger et al. Immunol Methods 4:72-81 (1994) and Wright and 
Harris, supra, and in connection with (iii) see e.g., Traunecker et al. Int. J. Cancer (Suppl) 
7:51-52 (1992). In each case, the second specificity can be made to the heavy chain 
activation receptors, including, without limitation, CD16 or CD64 {see e.g., Deo et al. 18:127 
(1997)) or CD89 {see e.g., Valerius et al. Blood 90:4485-4492 (1997)). Bispecific antibodies 
prepared in accordance with the foregoing would be likely to kill cells expressing TNFa. 

[0131] In connection with immunotoxins, antibodies can be modified to act as 
immunotoxins utilizing techniques that are well known in the art. See e.g., Vitetta Immunol 
Today 14:252 (1993). See also U.S. Patent No. 5,194,594. In connection with the 
preparation of radiolabeled antibodies, such modified antibodies can also be readily prepared 
utilizing techniques that are well known in the art. See e.g., Junghans et al. in Cancer 
Chemotherapy and Biotherapy 655-686 (2d edition, Chafher and Longo, eds., Lippincott 
Raven (1996)). See also U.S. Patent Nos. 4,681,581, 4,735,210, 5,101,827, 5,102,990 (RE 
35,500), 5,648,471, and 5,697,902. Each of immunotoxins and radiolabeled molecules 
would be likely to kill cells expressing TNFa. 

Preparation of Antibodies 

[0132] Antibodies, as described herein, were prepared through the utilization of 
the XENOMOUSE® technology, as described below. Such mice, then, are capable of 
producing human immunoglobulin molecules and antibodies and are deficient in the 
production of murine immunoglobulin molecules and antibodies. Technologies utilized for 
achieving the same are disclosed in the patents, applications, and references disclosed in the 
background section herein. In particular, however, a preferred embodiment of transgenic 
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production of mice and antibodies therefrom is disclosed in U.S. Patent Application Serial 
No. 08/759,620, filed December 3, 1996 and International Patent Application Nos. WO 
98/24893, published June 11, 1998 and WO 00/76310, published December 21, 2000, the 
disclosures of which are hereby incorporated by reference. See also Mendez et al. Nature 
Genetics 15:146-156 (1997), the disclosure of which is hereby incorporated by reference. 

[0133] Through use of such technology, fully human monoclonal antibodies to a 
variety of antigens have been produced. Essentially, XENOMOUSE® lines of mice are 
immunized with an antigen of interest (e.g. TNFa), lymphatic cells (such as B-cells) are 
recovered from the mice that expressed antibodies, and the recovered cell lines are fused with 
a myeloid-type cell line to prepare immortal hybridoma cell lines. These hybridoma cell 
lines are screened and selected to identify hybridoma cell lines that produced antibodies 
specific to the antigen of interest. Provided herein are methods for the production of multiple 
hybridoma cell lines that produce antibodies specific to TNFa. Further, provided herein are 
characterization of the antibodies produced by such cell lines, including nucleotide and 
amino acid sequence analyses of the heavy and light chains of such antibodies. 

[0134] Alternatively, instead of being fused to myeloma cells to generate 
hybridomas, the recovered cells, isolated from immunized XENOMOUSE® lines of mice, are 
screened further for reactivity against the initial antigen, preferably TNFa protein. Such 
screening includes ELISA with TNFa protein, a competition assay with known antibodies 
that bind the antigen of interest, in vitro neutralization of TNFa induced apoptosis and in 
vitro binding to transiently transfected CHO cells expressing full length TNFa. Single B 
cells secreting antibodies of interest are then isolated using a TNFa-specific hemolytic 
plaque assay (Babcook et al, Proc. Natl Acad. Sci. USA, i93:7843-7848 (1996)). Cells 
targeted for lysis are preferably sheep red blood cells (SRBCs) coated with the TNFa 
antigen. In the presence of a B cell culture secreting the immunoglobulin of interest and 
complement, the formation of a plaque indicates specific TNFa-mediated lysis of the target 
cells. The single antigen-specific plasma cell in the center of the plaque can be isolated and 
the genetic information that encodes the specificity of the antibody is isolated from the single 
plasma cell. Using reverse-transcriptase PCR, the DNA encoding the variable region of the 
antibody secreted can be cloned. Such cloned DNA can then be further inserted into a 
suitable expression vector, preferably a vector cassette such as a pcDNA, more preferably 
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such a pcDNA vector containing the constant domains of immunoglobulin heavy and light 
chain. The generated vector can then be transfected into host cells, preferably CHO cells, 
and cultured in conventional nutrient media modified as appropriate for inducing promoters, 
selecting transformants, or amplifying the genes encoding the desired sequences. Herein, is 
described, the isolation of multiple single plasma cells that produce antibodies specific to 
TNFa. Further, the genetic material that encodes the specificity of the anti-TNFa antibody is 
isolated, and introduced into a suitable expression vector which is then transfected into host 
cells. 

[0135] In general, antibodies produced by the above-mentioned cell lines 
possessed fully human IgGl or IgG2 heavy chains with human kappa light chains. The 
antibodies possessed high affinities, typically possessing Kd's of from about 10" 9 through 
about 10" 13 M, when measured by either solid phase and solution phase. 

[0136] As will be appreciated, anti-TNFa antibodies can be expressed in cell lines 
other than hybridoma cell lines. Sequences encoding particular antibodies can be used for 
transformation of a suitable mammalian host cell. Transformation can be by any known 
method for introducing polynucleotides into a host cell, including, for example packaging the 
polynucleotide in a virus (or into a viral vector) and transducing a host cell with the virus (or 
vector) or by transfection procedures known in the art, as exemplified by U.S. Patent Nos. 
4,399,216, 4,912,040, 4,740,461, and 4,959,455 (which patents are hereby incorporated 
herein by reference). The transformation procedure used depends upon the host to be 
transformed. Methods for introducing heterologous polynucleotides into mammalian cells 
are well known in the art and include dextran-mediated transfection, calcium phosphate 
precipitation, polybrene mediated transfection, protoplast fusion, electroporation, 
encapsulation of the polynucleotide(s) in liposomes, and direct microinjection of the DNA 
into nuclei. 

[0137] Mammalian cell lines available as hosts for expression are well known in 
the art and include many immortalized cell lines available from the American Type Culture 
Collection (ATCC), including but not limited to Chinese hamster ovary (CHO) cells, HeLa 
cells, baby hamster kidney (BHK) cells, monkey kidney cells (COS), human hepatocellular 
carcinoma cells (e.g., Hep G2), and a number of other cell lines. Cell lines of particular 
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preference are selected through determining which cell lines have high expression levels and 
produce antibodies with constitutive TNFa binding properties. 

[0138] Anti-TNFa antibodies are useful in the detection of TNFa in patient 
samples and accordingly are useful as diagnostics for disease states as described herein. In 
addition, based on their ability to significantly neutralize TNFa activity (as demonstrated in 
the Examples below), anti-TNFa antibodies will have therapeutic effects in treating 
symptoms and conditions resulting from TNFa. In specific embodiments, the antibodies and 
methods herein relate to the treatment of symptoms resulting from TNFa including: fever, 
muscle ache, lethargy, headache, nausea, and inflammation. Further embodiments involve 
using the antibodies and methods described herein to treat: cachexia, anorexia, rheumatic 
diseases such as arthritis, inflammatory diseases such as Crohn's disease, and auto-immune 
diseases, such as psoriasis, graft-host reactions, and septic shock. 

Therapeutic Administration and Formulations 

[0139] Biologically active anti-TNFa antibodies as described herein may be used 
in a sterile pharmaceutical preparation or formulation to reduce the level of serum TNFa 
thereby effectively treating pathological conditions where, for example, serum TNFa is 
abnormally elevated. Anti-TNFa antibodies preferably possess adequate affinity to potently 
suppress TNFa to within the target therapeutic range, and preferably have an adequate 
duration of action to allow for infrequent dosing. A prolonged duration of action will allow 
for less frequent and more convenient dosing schedules by alternate parenteral routes such as 
subcutaneous or intramuscular injection. 

[0140] When used for in vivo administration, the antibody formulation must be 
sterile. This is readily accomplished, for example, by filtration through sterile filtration 
membranes, prior to or following lyophilization and reconstitution. The antibody ordinarily 
will be stored in lyophilized form or in solution. Therapeutic antibody compositions 
generally are placed into a container having a sterile access port, for example, an intravenous 
solution bag or vial having an adapter that allows retrieval of the formulation, such as a 
stopper pierceable by a hypodermic injection needle. 

[0141] The route of antibody administration is in accord with known methods, 
e.g., injection or infusion by intravenous, intraperitoneal, intracerebral, intramuscular, 
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intraocular, intraarterial, intrathecal, inhalation or intralesional routes, or by sustained release 
systems as noted below. The antibody is preferably administered continuously by infusion or 
by bolus injection. 

[0142] An effective amount of antibody to be employed therapeutically will 
depend, for example, upon the therapeutic objectives, the route of administration, and the 
condition of the patient. Accordingly, it is preferred that the therapist titer the dosage and 
modify the route of administration as required to obtain the optimal therapeutic effect. 
Typically, the clinician will administer antibody until a dosage is reached that achieves the 
desired effect. The progress of this therapy is easily monitored by conventional assays or by 
the assays described herein. 

[0143] Antibodies, as described herein, can be prepared in a mixture with a 
pharmaceutically acceptable carrier. This therapeutic composition can be administered 
intravenously or through the nose or lung, preferably as a liquid or powder aerosol 
(lyophilized). The composition may also be administered parenterally or subcutaneously as 
desired. When administered systemically, the therapeutic composition should be sterile, 
pyrogen-free and in a parenterally acceptable solution having due regard for pH, isotonicity, 
and stability. These conditions are known to those skilled in the art. Briefly, dosage 
formulations of the compounds described herein are prepared for storage or administration by 
mixing the compound having the desired degree of purity with physiologically acceptable 
carriers, excipients, or stabilizers. Such materials are non-toxic to the recipients at the 
dosages and concentrations employed, and include buffers such as TRIS HC1, phosphate, 
citrate, acetate and other organic acid salts; antioxidants such as ascorbic acid; low molecular 
weight (less than about ten residues) peptides such as polyarginine, proteins, such as serum 
albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidinone; 
amino acids such as glycine, glutamic acid, aspartic acid, or arginine; monosaccharides, 
disaccharides, and other carbohydrates including cellulose or its derivatives, glucose, 
mannose, or dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or 
sorbitol; count erions such as sodium and/or nonionic surfactants such as TWEEN, 
PLURONICS or polyethyleneglycol. 

[0144] Sterile compositions for injection can be formulated according to 
conventional pharmaceutical practice as described in Remington: The Science and Practice 
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of Pharmacy (20 th ed, Lippincott Williams & Wilkens Publishers (2003)). For example, 
dissolution or suspension of the active compound in a vehicle such as water or naturally 
occurring vegetable oil like sesame, peanut, or cottonseed oil or a synthetic fatty vehicle like 
ethyl oleate or the like may be desired. Buffers, preservatives, antioxidants and the like can 
be incorporated according to accepted pharmaceutical practice. 

[0145] Suitable examples of sustained-release preparations include 
semipermeable matrices of solid hydrophobic polymers containing the polypeptide, which 
matrices are in the form of shaped articles, films or microcapsules. Examples of sustained- 
release matrices include polyesters, hydrogels (e.g., poly(2-hydroxyethyl-methacrylate) as 
described by Langer et al, J. Biomed Mater. Res., (1981) 15:167-277 and Langer, Chem. 
Tech., (1982) 12:98-105, or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919, EP 
58,481), copolymers of L-glutamic acid and gamma ethyl-L-glutamate (Sidman et al:, 
Biopolymers, (1983) 22:547-556), non-degradable ethylene- vinyl acetate (Langer et al, 
supra), degradable lactic acid-glycolic acid copolymers such as the LUPRON Depot™ 
(injectable microspheres composed of lactic acid-glycolic acid copolymer and leuprolide 
acetate), and poly-D-(-)-3-hydroxybutyric acid (EP 133,988). 

[0146] While polymers such as ethylene-vinyl acetate and lactic acid-glycolic 
acid enable release of molecules for over 100 days, certain hydrogels release proteins for 
shorter time periods. When encapsulated proteins remain in the body for a long time, they 
may denature or aggregate as a result of exposure to moisture at 37°C, resulting in a loss of 
biological activity and possible changes in immunogenicity. Rational strategies can be 
devised for protein stabilization depending on the mechanism involved. For example, if the 
aggregation mechanism is discovered to be intermolecular S-S bond formation through 
disulfide interchange, stabilization may be achieved by modifying sulfhydryl residues, 
lyophilizing from acidic solutions, controlling moisture content, using appropriate additives, 
and developing specific polymer matrix compositions. 

[0147] Sustained-released compositions also include preparations of crystals of 
the antibody suspended in suitable formulations capable of maintaining crystals in 
suspension . These preparations when injected subcutaneously or intraperitonealy can 
produce a sustain release effect. Other compositions also include liposomally entrapped 
antibodies. Liposomes containing such antibodies are prepared by methods known per se: 
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U.S. Pat. No. DE 3,218,121; Epstein etal, Proc. Natl. Acad. Sci. USA, (1985) 82:3688-3692; 
Hwang et al, Proc. Natl Acad. Sci. USA, (1980) 77:4030-4034; EP 52,322; EP 36,676; EP 
88,046; EP 143,949; 142,641; Japanese patent application 83-118008; U.S. Pat. Nos. 
4,485,045 and 4,544,545; and EP 102,324. 

[0148] The dosage of the antibody formulation for a given patient will be 
determined by the attending physician taking into consideration various factors known to 
modify the action of drugs including severity and type of disease, body weight, sex, diet, 
time and route of administration, other medications and other relevant clinical factors. 
Therapeutically effective dosages may be determined by either in vitro or in vivo methods. 

[0149] An effective amount of the antibodies, described herein, to be employed 
therapeutically will depend, for example, upon the therapeutic objectives, the route of 
administration, and the condition of the patient. Accordingly, it is preferred for the therapist 
to titer the dosage and modify the route of administration as required to obtain the optimal 
therapeutic effect. A typical daily dosage might range from about O.OOlmg/kg to up to 
lOOmg/kg or more, depending on the factors mentioned above. Typically, the clinician will 
administer the therapeutic antibody until a dosage is reached that achieves the desired effect. 
The progress of this therapy is easily monitored by conventional assays or as described 
herein. 

[0150] It will be appreciated that administration of therapeutic entities in 
accordance with the compositions and methods herein will be administered with suitable 
carriers, excipients, and other agents that are incorporated into formulations to provide 
improved transfer, delivery, tolerance, and the like. These formulations include, for example, 
powders, pastes, ointments, jellies, waxes, oils, lipids, lipid (cationic or anionic) containing 
vesicles (such as Lipofectin™), DNA conjugates, anhydrous absorption pastes, oil-in-water 
and water-in-oil emulsions, emulsions carbowax (polyethylene glycols of various molecular 
weights), semi-solid gels, and semi-solid mixtures containing carbowax. Any of the 
foregoing mixtures may be appropriate in treatments and therapies in accordance with the 
present invention, provided that the active ingredient in the formulation is not inactivated by 
the formulation and the formulation is physiologically compatible and tolerable with the 
route of administration. See also Baldrick P. "Pharmaceutical excipient development: the 
need for preclinical guidance." Regul Toxicol Pharmacol 32(2):210-8 (2000), Wang W. 
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"Lyophilization and development of solid protein pharmaceuticals." Int. J, Pharm. 203(1- 
2): 1-60 (2000), Charman WN "Lipids, lipophilic drugs, and oral drug delivery-some 
emerging concepts." J Pharm Sci .89(8):967-78 (2000), Powell et al. "Compendium of 
excipients for parenteral formulations" PDA J Pharm Sci Technol 52:238-311 (1998) and 
the citations therein for additional information related to formulations, excipients and carriers 
well known to pharmaceutical chemists. 

[0151] It is expected that the antibodies described herein will have therapeutic 
effect in treatment of symptoms and conditions resulting from TNFa. In specific 
embodiments, the antibodies and methods herein relate to the treatment of symptoms 
resulting from TNFa including: fever, muscle ache, lethargy, headache, nausea, and 
inflammation. Further embodiments, involve using the antibodies and methods described 
herein to treat: cachexia, anorexia, rheumatic diseases such as arthritis, inflammatory 
diseases such as Crohn's disease, auto-immune diseases, such as psoriasis, graft-host 
reactions, and septic shock. 

EXAMPLES 

[0152] The following examples, including the experiments conducted and results 
achieved are provided for illustrative purposes only and are not to be construed as limiting 
upon the teachings herein. 

EXAMPLE 1 
ANTIGEN PREPARATION 
TNFa-KLH Antigen Preparation for Immunization of XENOMOUSE® animals 

[0153] Recombinant human TNFa was obtained from R&D Systems 
(Minneapolis, MN Cat. No. 210-TA/CF). The TNFa-KLH antigen, used for the 
immunization of XENOMOUSE® animals, was prepared as follows: human TNF-ct (200 jig) 
(R&D) was mixed with 50 jig of keyhole limpet hemocyanin (KLH; Pierce, Rockford, IL) to 
a final volume of 165 \x\ using distilled water. 250 \i\ of conjugation buffer (0.1M MES, 
0.9M NaCl, pH 4.7) was added and TNFa and KLH were crosslinked by the addition of 25 
(il of lOmg/mL stock solution of l-ethyl-3-[3-dimethylaminopropyl]carbodiimide 
hydrochloride (EDC, Pierce, Rockford, IL). The conjugate was incubated for 2 hours at 
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room temperature and the unreacted EDC was removed by centrifugation through a 1 kDa 
filter (Centrifugal filter; Millipore, Bedford, MA) using PBS pH 7.4. 

TNFa-TCE Antigen Preparation for Immunization of XENOMOUSE® animals 

[0154] Human TNFa was recombinantly generated as a fusion protein in frame 
with a universal T-cell epitope (TCE) (J. Immunol 1992 148(5): 1499) for immunization of 
XENOMOUSE® animals. 

[0155] Human TNFa was cloned from human peripheral mononuclear cells 
(PBMCs). mRNA was isolated from purified hPBMC's and cDNA was generated by reverse 
transcription. Human TNFa was specifically amplified by PCR and cloned in frame with a 
universal T-cell epitope (TCE) derived from Tetanus toxin in the expression vector pGEX 
(Amersham Pharmacia). The fusion protein was expressed in E. Coli, purified on 
Glutathione Sepharose beads (CAT# 17-0756-01, Amersham Pharmacia), cleaved with 
thrombin (Sigma) and eluted as described by the manufacturer (Amersham Pharmacia). 

EXAMPLE 2 
ANTIBODY GENERATION 

Immunization 

[0156] Human monoclonal antibodies against human TNFa were developed by 
sequentially immunizing XENOMOUSE® mice (XENOMOUSE® XMG2L3 or 3B-3L3 
Abgenix, Inc. Fremont, CA). 

[0157] To generate hybridomas, cohorts of XMG2L3 and 3B-L3 
XENOMOUSE® mice were immunized with TNFa alone or TNFa with CPG via foot pad. 
The initial immunization was with 10 jig of antigen mixed 1:1 v/v with TITERMAX GOLD® 
(Sigma, Oakville, ON) per mouse. A subsequent four boosts were performed with 10|ig of 
antigen mixed with alum (Sigma, Oakville, ON), adsorbed overnight, per mouse, followed by 
one injection with TNFa in TITERMAX GOLD®, one injection with alum and then a final 
boost of lOjig of TNFa in PBS per mouse. 

[0158] Cohorts receiving TNFa with CPG were first immunized with TNFa and 
TITERMAX GOLD® as above, the next six boosts were with TNFa absorbed to Alum as 
previously stated along with CPG. The final boost was with TNFa in PBS and CPG. In 
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particular, animals were immunized on days 0, 3, 9,16, 21, 25, 30 and 35. The animals were 
bled on days 28 and 39 to obtain sera for harvest selection as described below. 

[0159] To generate mAbs by XENOMAX®, cohorts of XMG2 XENOMOUSE® 
mice were immunized with TNFa via foot pad (FP), TNFa-KLH (as prepared in Example 1) 
via base of the tail by subcutaneous injection and intraperitoneum (BIP), or with TNFa-TCE 
(as prepared in Example 1) via base of the tail by subcutaneous injection and 
intraperitoneum. For TNFa footpad immunizations, the initial immunization was with 2\ig of 
antigen mixed 1:1 v/v with TITERMAX GOLD® per mouse. A subsequent four boosts were 
performed with 2 |ig of antigen mixed with alum (Sigma, Oakville, ON), adsorbed overnight, 
per mouse, followed by one injection with TNFa in TITERMAX GOLD®, one injection with 
alum and then a final boost of 2\ig of TNFa in PBS per mouse. In particular, animals were 
immunized on days 0, 3, 7,10, 14, 17, 21 and 24. The animals were bled on day 19 to 
obtain sera for harvest selection as described below. 

[0160] The initial BIP immunization with 2 or 5^ig TNFa-KLH or TNFa-TCE 
respectively was mixed 1:1 v/v with Complete Freund's Adjuvant (CFA, Sigma, Oakville, 
ON) per mouse. Subsequent boosts were made first with 2 or 5^g of antigen respectively, 
mixed 1:1 v/v with Incomplete Freund's Adjuvant (IFA, Sigma, Oakville, ON) per mouse, 
followed by a final boost in PBS per mouse. The animals were immunized on days 0, 14, 28, 
42, 56, and day 75 or 93 (final boost). The animals were bled on day 63 to obtain sera for 
harvest selection as described below. 

[0161] To generate rabbit anti-hTNFa monoclonal antibodies by SLAM, a cohort 
of New Zealand white rabbits were immunized as follows. A primary boost consisting of 
250 jig of TNFa-TCE, emulsified 1;1 v/v with complete freund's adjuvant (CFA), was given 
subcutaneously in four sites along the rabbit's dorsal body. These were followed by 3 
immunizations with 125 \xg of TNFa-TCE emulsified 1:1 v/v with incomplete freunds 
adjuvant (IFA) intramuscularly via the hind legs. Each of the boosts were separated by 21 
days. The animals were bled prior to the fourth immunization for serology, see Table 9 
below. 
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Selection of animals for harvest 

[0162] Anti-hTNFa antibody titers were determined by ELISA. hTNFa was 
coated onto Costar Labcoat Universal Binding Polystyrene 96-well plates (Corning, Acton, 
MA) overnight at four degrees. The solution containing unbound TNFa was removed and 
the plates were treated with UV light (365nm) for 4 minutes (4000 microjoules). The plates 
were washed five times with dH 2 0. XENOMOUSE® sera from the TNFa immunized 
animals, or naive XENOMOUSE® animals, were titrated in 2% milk/PBS at 1:2 dilutions in 
duplicate from a 1:100 initial dilution. The last well was left blank. The plates were washed 
five times with dH 2 0. A goat anti-human IgG Fc-specific horseradish peroxidase (HRP, 
Pierce, Rockford, IL) conjugated antibody was added at a final concentration of ljig/mL for 
1 hour at room temperature. The plates were washed five times with dH 2 0. The plates were 
developed with the addition of TMB chromo genie substrate (Gaithersburg, MD) for 30 
minutes and the ELISA was stopped by the addition of 1 M phosphoric acid. The specific 
titer of individual XENOMOUSE® animals was determined from the optical density at 450 
nm and are shown in Tables 2 to 8 The titer represents the reciprocal dilution of the serum 
and therefore the higher the number the greater the humoral immune response to hTNFa. 

[0163] Rabbit anti-TNFa titers were determined as above, but for detection of 
primary antibody, a goat anti-rabbit IgG heavy and light chain-specific horseradish 
peroxidase (HRP, Pierce, Rockford, IL) reagent was used in place of the anti-human reagent, 
see Table 9. 



Table 2 

FP, 3B-3L3 mice, hTNFa 
Gl kX 



Mouse ID 


Til 


ter 


day 28 


day 39 


N472-3 


400 




N473-11 


310 




N474-3 


1,100 




N543-3 


8,000 


6,500 


N574-5 


16,000 


16,000 


N638-7 
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N638-8 



40 



50 



[0164] All XENOMOUSE® animals in Table 2 were selected for harvest and 
generation of hybridomas. 



Table 3 



FP, 3B-3L3 mice, hTNFa+CpG 
Gl kk 



Mouse ID 


Til 


ter 


day 28 


day 39 


N643-8 


19,000 


70,000 


N651-9 


24,000 


75,000 


N673-7 


19,000 


60,000 


N713-7 


750 


6,000 


N732-6 


80 


450 



[0165] All XENOMOUSE® animals in Table 3 were selected for harvest and 
generation of hybridomas. 



Table 4 



FP, XMG2L3 mice, hTNFa 
G2kX 



Mouse ID 


Til 


ter 


day 28 


day 39 


N668-1 


50,000 




N668-2 


40,000 




N668-3 


22,000 




N668-7 


150,000 


175,000 


N670-1 


22,000 


24,000 


N676-6 


55,000 


73,000 


N677-3 


110,000 


150,000 
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(0166] All XENOMOUSE® animals in Table 4 were selected for harvest and 
generation of hybridomas. 

Table 5 



FP,XMG2L3mice, hTNFa+CpG 
G2kX 



Mouse ID 


Tii 


ter 


day 28 


day 39 


N667-1 


175,000 


600,000 


N667-3 


200,000 


500,000 


N667-5 


400,000 


200,000 


N677-2 


325,000 


600,000 


N677-4 


21,000 


300,000 


N677-5 


300,000 


600,000 



[0167] All XENOMOUSE* animals in Table 5 were selected for harvest and 
generation of hybridomas. 

Table 6 



FP, XMG2 mice, hTNFa 
IgG2/K 



Mouse ID 


Titer 


Day 17 


0651-1 


186 


0651-2 


816 


0651-3 


388 


0651-4 


260 


0651-5 


1342 


0651-6 


373 


0651-7 


314 


! 0651-8 


<100@OD 0.666 


0651-9 


588 


0651-10 


163 
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[0168] XENOMOUSE® animals (0651-2, 0651-3, 0651-5 and 0651-9) were 
selected for XENOMAX® harvests based on the serology data in Table 6. 

Table 7 



BIP, XMG2 mice, hTNFot-KLH 
IgG2/K 



Mouse ID 


l Her 


Dav 61 


0797-1 


1999 


0797-2 


2586 


0797-3 


1885 


0797-4 


>6400 @ OD 2.074 


0797-5 


1492 


0797-6 


4325 


0797-7 


>6400@OD 3.294 


0797-8 


1314 


0797-9 


3329 


i 0797-10 


4829 



[0169] XENOMOUSE 18 ' animals (0797-4, 0797-6, 0797-7 and 0797-10) were 
selected for XENOMAX® harvests based on the serology data in Table 7. 

Table 8 



BIP, XMG2 mice, hTNFa-TCE 
IgG2/K 



Mouse ID 


Titer 


Day 63 


0796-1 


2677 


0796-2 


5197 


0796-3 


3143 


0796-4 


>6400 @ OD 2.034 


0796-5 


1055 


0796-6 


221 


0796-7 


>6400@OD 2.017 
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0796-8 


>6400 @ OD 2.066 


0796-9 


2145 


0796-10 


4364 



[0170] XENOMOUSE® animals (0796-2, 0796-4, 0796-7, 0796-8 and 0796- 
10) were selected for XENOMAX® harvests based on the serology data in Table 8. 



Table 9 



Rabbit IPI-5 


Rabbit ID 


Titer 




Day 63 


IPI-5 


500,000 



[0171] Blood from rabbit IPI-5 was harvested for generating rabbit monoclonal 
antibodies by SLAM. 

EXAMPLE 3 

GENERATION OF ANTI-HUMAN TNFa ANTIBODIES 
Generation of Anti-hTNFa Antibodies by Hybridoma. 

Recovery of lymphocytes, B-cell isolations, fusions and generation of hybridomas 

[0172] Immunized mice were sacrificed by cervical dislocation, and the lymph 
nodes harvested and pooled from each cohort. The lymphoid cells were dissociated by 
grinding in DMEM to release the cells from the tissues and the cells were suspended in 
DMEM. The cells were counted, and 0.9 mL DMEM per 100 million lymphocytes added to 
the. cell pellet to resuspend the cells gently but completely. Using IOOjiL of CD90 + magnetic 
beads per 100 million cells, the cells were labeled by incubating the cells with the magnetic 
beads at 4°C for 15 minutes. The magnetically labeled cell suspension containing up to 10 8 
positive cells (or up to 2xl0 9 total cells) was loaded onto a LS + column and the column 
washed with DMEM. The total effluent was collected as the CD90-negative fraction (most 
of these cells are B cells). 

[0173] P3 myeloma cells and B cell-enriched lymph node cells were combined in 
a ratio of 1:1 (myeloma: lymph nodes) into a 50 mL conical tube in DMEM. The combined 
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cells were centrifuged at 800xg (2000 rpm) for 5-7 min. and the supernatant immediately 
removed from the resulting pellet. Two to four mL of Pronase solution (CalBiochem, Cat. 
#53702; 0.5mg/mL in PBS) was added to the cells to resuspend the cell pellet gently. The 
enzyme treatment was allowed to proceed for no more than two minutes and the reaction 
stopped by the addition of 3-5 mL of FBS. Enough ECF solution was added to bring the 
total volume to 40 mL and the mixture was centrifuged at 800xg (2000 rpm) for 5-7 min. 
The supernatant was removed and the cell pellet gently resuspended with a small volume of 
ECF solution, followed by enough ECF solution to make a total volume of 40 mL. The cells 
were mixed well and counted, then centrifuged at 800xg (2000 rpm) for 5-7 min. The 
supernatant was removed and the cells resuspended in a small volume of ECF solution. 
Enough additional ECF solution was added to adjust the concentration to 2 x 10 6 cells/mL. 

[0174] The cells were then placed in an Electro-Cell-Fusion (ECF) generator 
(Model ECM2001, Genetronic, Inc., San Diego, CA) and fused according to the 
manufacturer's instructions. After ECF, the cell suspensions were carefully removed from 
the fusion chamber under sterile conditions and transferred into a sterile tube containing the 
same volume of Hybridoma Medium in DMEM. The cells were incubated for 15-30 minutes 
at 37°C, then centrifuged at 400xg (1000 rpm) for five minutes. The cells were gently 
resuspended in a small volume of Vi HA medium (1 bottle of SOX HA from Sigma, Cat. 
#A9666 and 1 liter of Hybridoma Medium) and the volume adjusted appropriately with more 
Vi HA medium (based on 5x1 0 6 B cells per 96-well plate and 200|^L per well). The cells 
were mixed well and pipetted into 96-well plates and allowed to grow. On day 7 or 10, one- 
half the medium was removed, and the cells re-fed with l / 2 HA medium. 

Selection of candidate antibodies by ELISA 

[0175] After 14 days of culture, hybridoma supernatants were screened for TNFa- 
specific monoclonal antibodies. The ELISA plates (Fisher, Cat. No. 12-565-136) were 
coated with 50|nL/well of TNFa (2^g/mL) in Coating Buffer (0.1 M Carbonate Buffer, pH 
9.6, NaHC03 8.4 g/L), then incubated at 4°C overnight. After incubation, the plates were 
washed with Washing Buffer (0.05% Tween 20 in PBS) 3 times. 200(aL/well Blocking 
Buffer (0.5% BSA, 0.1% Tween 20, 0.01% Thimerosal in lx PBS) were added and the plates 
incubated at room temperature for 1 hour. After incubation, the plates were washed with 
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Washing Buffer three times. 50|aL/well of hybridoma supernatants, and positive and negative 
controls were added and the plates incubated at room temperature for 2 hours. 

[0176] After incubation, the plates were washed three times with Washing Buffer. 
100|aL/well of goat anti-huIgGfc-HRP detection antibody (Caltag, Cat. #H10507), goat anti- 
hlg kappa-HRP (Southern Biotechnology, Cat. # 2060-05) and goat anti-hlg lambda 
(Southern Biotechnology, Cat. # 2070-05) were added and the plates were incubated at room 
temperature for 1 hour. After the incubation, the plates were washed three times with 
Washing Buffer. 100 ul/well of TMB (BioFX Lab. Cat. #TMSK-0 100-01) were added and 
the plates allowed to develop for about 10 minutes (until negative control wells barely started 
to show color), then 50 ul/well stop solution (TMB Stop Solution (BioFX Lab. Cat. #STPR- 
0100-01) were added and the plates read on an ELISA plate reader at wavelength 450nm. 
The number of positive wells is presented in Table 10. 



Table 10 



Group # 


hlgG/hkappa 


hlgG/hlamda 


Total # 
positive 


fusion 1+2 (3B-3L3) 


9 


9 


18 


fusion 3+4 (xgm2L3) 


21 


12 


33 



Secondary screen to determine the isotype and light chain usage for the anti-TNFa 
hybridoma supernatants using Luminex 

[0177] The Luminex platform is a fluorescence bead based technology which 
enables one to run multiple assays at once. The Luminex reader is able to ascertain positive 
signaling events on different coded microspheres. This allows one to coat each bead 
separately, then mix the differentially coated microspheres together and then in one step 
assay antibody binding to each of the different microspheres. For isotyping antibodies, 
microspheres were coated in such a manner in that each bead was able to specifically bind a 
particular heavy chain or light chain isotype. The microspheres were then mixed together 
and hybridoma supernatant for each antibody was added. After a 20 minute incubation, the 
microspheres were washed, and the bound antibody was detected using a fluorescently 
labeled secondary antibody. The microspheres were then read using the Luminex reader. 
Table 10 shows number of each isotype found for the different fusion groups. 
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Neutralization ofTNFa induced apoptosis assays by hybridoma anti-TNFa antibodies 

[0178] 47 anti-TNFa hybridoma antibodies were assayed for their ability to 
neutralize the biological effect of TNFa induced apoptosis on human WM 266.4 cells. IgG 
was first enriched from each hybridoma supernatant by purification on Swell-Gel protein A 
(Pierce), and then eluted, neutralized, and quantified. 20,000 WM266.6 cells were plated in 
96-well plates in complete media (RPMI1 640/1 0%FBS/Gln/P/S) and incubated at 
37°C/10%CO 2 overnight. Media was removed and 50\xL of test antibodies and TNFa (pre- 
incubated for 30' at room temperature) were added in serum free media 
(RPMI1640/Gln/P/S). 50|iL cyclohexamide plates were incubated overnight as above under 
the following final assay conditions: V=100 cyclohexamide = 6|ng/mL, TNFa = 600 
pg/mL = 11.4 pM as a trimer, test antibodies concentrations vary as described. IOOjxL 
Caspase buffer and 0.3 |aL Caspase substrate (APO-ONE, Promega) were added to each well. 

[0179] Caspase activity was determined on a Victor Wallac plate reader with the 
excitation wavelength @ 485 nm and the emission wavelength @ 530 nm. An example of the 
neutralization of apoptosis by hybridoma derived antibodies is provided in Figure 1. Figure 
1 shows a bar graph illustrating the effect that various TNFa antibodies had on neutralizing 
apoptosis in human WM 266.4 cells. A control (pos) shows the induction of apoptosis by 
TNFa in the presence of cyclohexamide alone. Another control shows inhibition of 
apoptosis by 6 nM mouse anti-hTNFa antibody (R&D). The Y-axis represents the relative 
amount of caspase 3/7 activity as an indication of TNFa induced apoptosis. As Figure 1 
illustrates, antibodies, including 3.2, 3.7 and 4.17 were very potent at neutralizing TNFa 
induced apoptosis at 3 nM. 

Neutralization of apoptosis by propidium iodide incorporation assay 

[0180] The 47 anti-hTNFa hybridoma antibody supernatants were further assayed 
for their ability to neutralize the biological effect of TNFa induced apoptosis on human 
MCF-7 cells. 96-well plates were seeded at 5000 cells/well, 200jal/well with phenol red free 
DMEM + 10% FCS. The cells were incubated overnight at 37°C + 5% C0 2 . On each plate a 
titration of hybridoma antibody (quantitated by capture ELISA, as described in Example 2, 
and compared to a standard curve control Ab) was assayed along-side Rabbit 014 control Ab 
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from 10^g/mL to a final concentration of 0.005ng/mL (titrated 1:5) in apoptosis medium 
(2.5% FCS, 5|ig/mL CHX in phenol red free DMEM), in triplicate, at a constant 
concentration of 100 pg/mL (1.9 pM as a trimer) TNFa. Six well plates with TNFa alone 
and 6 wells with apoptosis medium alone were also included. TNFa +/- neutralizing 
antibody was pre-incubated for 1 hour at 37°C + 5% CO2. 200jiL of antibody was then 
transferred to the cells and incubated overnight at 37°C + 5% CO2. 

[0181] Cells were stained with 0.5^g/mL PI and 2.5^ig/mL Heochst 33342 for one 
hour. The percentage of apoptosis was determined by counting the number of dead cells (PI 
+ve) and dividing by the total number of cells (Heochst +ve). The ability of hybridoma 
derived, human anti-TNFa binding antibodies to neutralize TNFa induced apoptosis of MCF- 
7 cells was measured by propidium iodide uptake as a ratio of the number of total cells by 
Heochst 33342 staining. SLAM derived rabbit mAb, ROM, as well as various other human 
mAbs, including 3.2, 4.17 and 3.7 were very potent at neutralizing TNFa induced apoptosis 
of MCF-7 cells. 

Isoptype switching and expression of IgG2 hybridomas 4.17 and 3.2 

[0182] mRNA was extracted from hybridomas 4.17 and 3.2. Reverse 
transcriptase PCR was conducted to generate cDNA. The cDNA encoding the variable 
heavy and light chains was specifically amplified using PCR. The variable heavy chain 
region was cloned into an IgGl expression vector. This vector was generated by cloning the 
constant domain of human IgGl into the multiple cloning site of pcDNA3.1+/Hygro 
(Invitrogen, Burlington, ON). The variable light chain region was cloned into an IgK 
expression vector or IgA,. These vectors were generated by cloning the constant domain of 
human IgK or lgk into the multiple cloning site of pcDNA3.1+/Neo (Invitrogen, Burlington, 
ON). The heavy chain and the light chain expression vectors were then co-lipofected into a 
60 mm dish of 70% confluent human embryonal kidney 293 cells and the transfected cells 
were allowed to secrete a recombinant antibody with the identical specificity as the original 
plasma cell for 24-72 hours. The supernatant (3 mL) was harvested from the HEK 293 cells 
and the secretion of an intact antibody was demonstrated with a sandwich ELISA to 
specifically detect human IgG. The specificity was assessed through binding of the 
recombinant antibody to TNFa using ELISA. 
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Generation of Anti-hTNFa Antibodies by XENOMAX^ 
Culture and selection of B cells 

[0183] B-cells from the animals were harvested and cultured. Those secreting 
TNFa-specific antibodies were isolated as described in Babcook et al. 3 Proc. Natl Acad. Sci. 
USA, 93:7843-7848 (1996). ELISA was used to identify primary TNFa-specific wells. 
About 18 million B-cells were cultured from XENOMOUSE® animals in 480 96 well plates 
at 500 or 150 cells/well, and were screened on TNFa to identify the antigen-specific wells. 
3,825 wells showed ODs significantly over background, a representative sample of which are 
shown in Table 1 1 . Rabbit B-cells were also screened for their ability to secrete anti-TNFa 
antibodies and positives further assayed as described below. 



Table 11 





Positives above cut off OD of: 


Plates ID's 


>0 


0.1 


0.2 


0.3 


0.4 


0.5 


0.6 


0.7 


0.8 


0.9 


1 


1.5 


2 


2.5 


3 


3.5 


4 


Plates 191-230 


3840 


3110 


313 


158 


136 


117 


109 


105 


101 


97 


93 


77 


60 


49 


44 


27 


1 


Plates 231-269 


3744 


2665 


339 


167 


137 


130 


116 


111 


106 


101 


95 


78 


58 


50 


43 


25 


13 


Total 




325 





Normalization of antigen specific antibody concentrations 

[0184] Using an ELISA method, supernatants for concentration of antigen 
specific antibody were normalized. Using an anti-target (TNFa) antibody of known 
concentration titrated in parallel, a standard curve can be generated and the amount of 
antigen specific antibody in the supernatant can be compared to the standard and it's 
concentration determined, see Table 12 below. 
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Table 12 





ELISA OD on Antigen 


Extrapolated Concentration ng/mL * 


man iu 


1:40 
dilution 


1:80 
dilution 


1:160 
dilution 


1:320 
dilution 


Cone. At 
1:40 


Cone. At 
1:80 


Cone. At 
1:160 


Cone. At 
1:320 


Average 


439A3 


2.1 


1.5 


0.9 


0.5 




112 


103 


101 


105 


460A12 


1.7 


1.1 


0.6 


0.4 




69 


63 




66 


401A7 


1.6 


1.1 


0.6 


0.4 




66 


62 




64 


327D12 


2.4 


1.7 


1.1 


0.7 






131 


129 


130 


402G10 


1.1 


0.6 


0.4 


0.3 


36 


28 






32 


360A5 


2.4 


1.6 


1.1 


0.7 






130 


138 


134 


436F1 


2.3 


1.6 


1.1 


0.7 






145 


134 


139 


410F1 


1.3 


0.8 


0.5 


0.3 


46 


46 






46 


356B4 


1.7 


1.1 


0.7 


0.4 




65 


66 




66 


433F4 


0.5 


0.3 


0.2 


0.2 


12 








12' 


454G7 


1.9 


1.3 


0.7 


0.4 




88 


75 




81 



* Data points outside the linear region of the ELISA reader were excluded. 



Limited antigen assay 

[0185] The limited antigen analysis is a method that affinity ranks the antigen- 
specific antibodies prepared in B-cell culture supernatants relative to all other antigen- 
specific antibodies. In the presence of a very low coating of antigen, only the highest affinity 
antibodies should be able to bind to any detectable level at equilibrium. {See, e.g., PCT 
Publication WO/03048730A2 entitled "IDENTIFICATION OF HIGH AFFINITY 
MOLECULES BY LIMITED DILUTION SCREENING" published on June 12, 2003). 

[0186] Biotinylated TNFa was bound to streptavidin plates at three 
concentrations; 1 ng/mL, 0.1 ng/mL and 0.01 ng/mL for 1 hour at room temperature on 96-well 
culture plates. Each plate was washed 5 times with dH 2 0, before 45|iL of 1% milk in PBS 
with 0.05% sodium azide were added to the plate, followed by 5|iL of B cell supernatant 
added to each well. After 18 hours at room temperature on a shaker, the plates were again 
washed 5 times with dH 2 0. To each well was added 50^iL of Gt anti-Human (Fc)-HRP at 
l|ig/mL. After 1 hour at room temperature, the plates were again washed 5 times with dH 2 0 
and 50|uL of TMB substrate were added to each well. The reaction was stopped by the 
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addition of 50uL of 1M phosphoric acid to each well and the plates were read at wavelength 
450nm to give the results shown in Table 13. 



Table 13 







Coating Concentrations 


Well 


1' Screen 
(OD) 


lng/ml 


0. lng/ml 


O.Olng/ml 


/1A1 A H 

401A7 


o no 
2.92 


1 t~\ A 

1.94 


0.33 


A 1 A 

0.19 


433^4 


O 0£ 


1.12 


0.24 


0.20 


*5 "1 HUH 

337b7 


O CO 


0.97 


0.47 


A 1 A 

0.19 


1 HA C^H 

164C7 


1 C\H 

1.97 


0.81 


0.24 


0.16 


356B4 


H OH 


0.69 


AIT 

0.17 


n if 

U. 15 


A AO A A 


O 00 


0.61 


0.35 


0.18 


286B9 


2.56 


0.32 


0.32 


0.27 


203A2 


2.33 


0.23 


0.15 


0.19 


286G8 


2.06 


0.2 1 


0.19 


0.19 


286F11 


2.93 


0.18 


0.23 


0.19 


286D12 


0.78 


0.18 


0.21 


0.25 


286G1 


0.82 


0.17 


0.16 


0.18 


286C4 


0.75 


0.17 


0.17 


0.19 


286G6 


0.97 


0.16 


0.18 


0.14 


287D1 


0.58 


0.16 


0.19 


0.16 



Limited antigen analysis 

[0187] B-cell culture supernatants were prepared having concentrations of antigen 
specific antibody ranging from lOng/mL to lOOOng/mL. The results generated from limited 
antigen analysis were compared to a titration of 4.17 hybridoma derived antibody. In this 
assay many of the antibodies were not able to give detectable binding, however there were a 
number of wells including 401A7 and 433F4, which were clearly superior as measured by 
O.D. to the other culture supernatants and recombinant antibodies at all concentrations (Table 
13). The remaining clones were further analyzed by combining the high antigen data which 
measures specific antibody concentration, (see above for details) and the limited antigen 
output. In this way it was possible to compare antibodies in B-cell culture supernatants to 
that of the control antibody over a concentration range as shown in Figure 2. Figure 2 is a 
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point graph that compares the anti-TNFa limited antigen binding between antibodies in B- 
cell culture supernatants to that of a control antibody (4.17 IgG2) over a concentration range. 
The triangles represent the B-cell culture supernatant clones, and the blocks represent Bar 
Antibody (4.17 IgG2). B-cell culture supernatant clones with points above the bar antibody 
curve are ranked as having potentially higher affinity. 

Neutralization of apoptosis by propidium iodide incorporation assay 

[0188] All 1455 anti-hTNFa antibodies identified from B-cell culture well 
supernatants from foot-pad immunized mice were further assayed for their ability to 
neutralize the biological effect of TNFa induced apoptosis on human MCF-7 cells. In 
addition, after limited antigen analysis of all 2,370 anti-hTNFa identified from BIP 
immunized animals, 145 antibodies having the highest kinetic ranking were further analyzed 
for neutralizing TNFa activity. 96 well plates were seeded at 5000 cells MCF-7/well, 
200(iL/well with phenol red free DMEM + 10% FCS. Plates were incubated overnight at 
37°C + 5% C0 2 . On each plate B-cell culture antibody supernatant was assayed along-side 
the most potent neutralizing anti-TNFa hybridoma antibodies, 4.17 and 3.2 and/or Rabbit 
014 control in apoptosis medium (2.5% FCS, 5|ag/mL CHX in phenol red free DMEM), at a 
constant concentration of 100 pg/mL (1.9 pM as a trimer) TNFa. Replicate wells with TNFa 
in. apoptosis media and wells with apoptosis medium alone were included as controls. TNFa 
+/- test sample was pre-incubated for 1 hour at 37°C + 5% C0 2 . 200(iL TNFa +/- was 
transferred to cells and incubated overnight at 37°C + 5% C0 2 . 

[0189] Cells were stained with 0.5jxg/mL PI and 2.5|ig/mL Heochst 33342 for one 
hour. Percentage of apoptosis was determined by counting the number of dead cells (PI +ve) 
and dividing by the total number of cells (Heochst +ve). An example is show in Figure 3 
which shows a representative bar graph that compares the effectiveness of various 
XENOMAX® B-cell culture supernatants at inhibiting TNFa induced cell apoptosis in human 
MCF-7 cells. A number of B-cell culture well supernatants showed the ability to neutralize 
TNFa induced apoptosis. These supernatants included: 164C7, 179B1, 401A7, 410B1, 
439A3 and 460A12. 
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Neutralization potency determination of TNFa induced apoptosis by anti-hTNFa antibodies 
in polyclonal solutions 

[0190] Using the extrapolated concentrations of antigen specific antibodies in 
polyclonal B-cell culture supernatants, the apparent potency of neutralization of TNFa 
induced apoptosis on MCF-7 cells was calculated. By performing the assay in parallel with a 
standard anti-target reagent, in this case the hybridoma derived antibody 3.2 IgG2, it was 
possible to set a potency bar and look for antibodies with higher potential potency than the 
standard. 

[0191] An example of calculated potency comparisons for neutralization of TNFa 
induced apoptosis on MCF-7 cells is shown in Figure 4. Fig. 4 is a representative point 
graph that shows calculated potency comparisons for neutralization of TNFa induced 
apoptosis on human MCF-7 cells by XENOMAX® B-cell culture supernatants. The triangles 
represent the potency of B-cell culture supernatants, while the squares represent the potency 
of a bar control, 3.2 IgG2. A number of B-cell culture supernatants showed greater 
neutralization of TNFa induced apoptosis at lower anti-TNFa antibody concentrations than 
that of the 3.2 control standard curve, indicating greater potency. 

Inhibition of TNFa binding to p55 (TNFa receptor I) by Rabbit Antibodies 

[0192] Rabbit anti-TNFa neutralizing antibodies were found by examining 
whether or not the antibodies from the B-cell culture supernatants were able to inhibit TNFa 
binding to its p55 receptor. The following procedure was followed. 96 well microtiter plates 
were coated overnight with TNFa. The following day, the plates were washed and incubated 
+/- anti-TNFa antibodies for 1 hr. Biotin-p55 was then spiked into the plates for lhr, washed 
with water and bound p55 was detected using Streptavidin-HRP. Plates were then washed 
and developed as done with other ELIS As described above. Antibodies which inhibited the 
binding of p55 were termed neutralizing, see Table 14. 

Table 14 



Abs 


Assay 1 


Assay 2 


9C10 


0.32 


1.26 


10G8 


0.23 


0.59 


11A1 


0.52 


0.55 
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7A4 


0.08 


0.39 


6A1 


0.4 


0.42 


A A 1 1 

4A11 


0.67 


0.5o 


2A12 


0.37 


1.19 


6A6 


0.29 


0.92 


TNFa alone 


0.3 


0.97 



TNFa-specific Hemolytic Plaque Assay 

[0193] A number of specialized reagents were used to conduct this assay. These 
reagents were prepared as follows. 

Biotinylation of Sheep red blood cells (SRBC) 

[0194] SRBCs were stored in RPMI media as a 25% stock. A 250|iL SRBC 
packed-cell pellet was obtained by aliquoting 1.0 mL of SRBC to a fresh eppendorf tube. 
The SRBC were pelleted with a pulse spin at 8000 rpm (6800 rcf) in microfuge, the 
supernatant drawn off, the pellet re-suspended in 1.0 mL PBS at pH 8.6, and the 
centrifugation repeated. The wash cycle was repeated 2 times, then the SRBC pellet was 
transferred to a 15-mL falcon tube and made to 5 mL with PBS pH 8.6. In a separate 50 mL 
falcon tube, 2.5mg of Sulfo-NHS biotin was added to 45 mL of PBS pH 8.6. Once the biotin 
had completely dissolved, the 5 mL of SRBCs were added and the tube rotated at RT for 1 
hour. The SRBCs were centrifuged at 3000rpm for 5 min and the supernatant drawn off. 
The Biotinylated SRBCs were transferred to an eppendorf tube and washed 3 times as above 
but with PBS pH 7.4 and then made up to 5 mL with immune cell media (RPMI 1640) in a 
15 mL falcon tube (5% B-SRBC stock). Stock was stored at 4° C until needed. 

Streptavidin (SA) coating of B-SRBC 

[0195] l mL of the 5% B-SRBC stock was transferred into a fresh eppendorf 
tube. The B-SRBC cells were washed 3 times as above and resuspended in 1.0 mL of PBS at 
pH 7.4 to give a final concentration of 5% (v/v). lOjaL of a lOmg/mL streptavidin 
(CalBiochem, San Diego, CA) stock solution was added and the tube mixed and rotated at 
RT for 20min. The washing steps were repeated and the SA-SRBC were re-suspended in 1 
mL PBS pH 7.4 (5% (v/v)). 
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Human TNFa coating o/SA-SRBC 

[0196] The SA-SRBCs were coated with biotinylated-TNFa at 10|ig/mL, mixed 
and rotated at RT for 20 min. The SRBC were washed twice with 1.0 mL of PBS at pH 7.4 
as above. The TNFa-coated SRBC were re-suspended in RPMI (+10%FCS) to a final 
concentration of 5% (v/v). 

Determination of the quality o/TNFa-SRBC by immunofluorescence (IF) 

[0197] IOjiL of 5% SA-SRBC and lOj^L of 5% TNFa-coated SRBC were each 
added to a separate fresh 1.5 mL eppendorf tube containing 40|iL of PBS. A control human 
anti-TNFa antibody was added to each sample of SRBCs at 45jag/mL. The tubes were 
rotated at RT for 25 min, and the cells were then washed three times with lOOjaL of PBS. 
The cells were re-suspended in 50|uL of PBS and incubated with 40 ^ig/mL Gt-anti Human 
IgG Fc antibody conjugated to Alexa488 (Molecular Probes, Eugene, OR). The tubes were 
rotated at RT for 25 min, and then washed with 100|iL PBS and the cells re-suspended in 
\0\iL PBS. IOjjJL of the stained cells were spotted onto a clean glass microscope slide, 
covered with a glass coverslip, observed under fluorescent light, and scored on an arbitrary 
scale of 0-4. 

Preparation of plasma cells 

[0198] The contents of a single microculture well previously identified by various 
assays as containing a B cell clone secreting the immunoglobulin of interest were harvested. 
Using a 100-1000/iL pipetman, the contents of the well were recovered by adding 37°C 
RPMI (10% FCS). The cells were re-suspended by pipetting and then transferred to a fresh 
1.5 mL eppendorf tube (final vol. approx 500-700jaL). The cells were centrifuged in a 
microfuge at 2500 rpm (660 rcf) for 1 minute at room temperature, then the tube was rotated 
180 degrees and spun again for 1 minutes at 2500 rpm. The freeze media was drawn off and 
the immune cells resuspended in 100(iL RPMI (10% FCS), then centrifuged. This washing 
with RPMI (10% FCS) was repeated and the cells re-suspended in 60(iL RPMI (10% FCS) 
and stored on ice until ready to use. 
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Plaque assay 

[0199] Glass slides (2x3 inch) were prepared in advance with silicone edges and 
allowed to cure overnight at RT. Before use the slides were treated with approx. 5jaL of 
SigmaCoat (Sigma, Oakville, ON) wiped evenly over glass surface, allowed to dry and then 
wiped vigorously. To a 60(iL sample of cells was added 60|aL each of TNFa-coated SRBC 
(5% v/v stock), 4x guinea pig complement (Sigma, Oakville, ON) stock prepared in RPMI 
(10%FCS), and 4x enhancing sera stock (1:150 in RPMI (10%FCS)). The mixture -) was 
spotted (10-15jaL) onto the prepared slides and the spots covered with undiluted paraffin oil 
The slides were incubated at 37° C for a minimum of 45 minutes. 

Plaque assay results 

[0200] TNFa coated sheep red blood cells were used to identify antigen-specific 
plasma cells from the wells (see Table 15). 



Table 15 



mAbID 


Number of Single 
Cells picked 


Single Cell 
Numbers 


1F7 


23 


69 


10F1 


12 


92 


11A8 


12 


128 


27A9 


12 


148 


44G7 


12 


116 


101F1 


8 


140 


103H1 


12 


25 


107A6 


11 


13 


107G12 


12 


1 


164C7 


8 


291 


203A2 


12 


299 


337E7 


5 


280 


401 A7 


8 


261 


402G10 


12 


249 


410F1 


12 


311 
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433F4 


9 


230 


460A12 


12 


268 



Expression of Recombinant anti-TNFa Antibodies 

[0201] After isolation of the single plasma cells, mRNA was extracted and 
reverse transcriptase PCR was conducted to generate cDNA encoding the variable heavy and 
light chains. The human variable heavy chain region was cloned and isotype switched into 
an IgGl expression vector. This vector was generated by cloning the constant domain of 
human IgGl into the multiple cloning site of pcDNA3.1+/Hygro (Invitrogen, Burlington, 
ON). The human variable light chain region was cloned into an IgK expression vector. 
These vectors were generated by cloning the constant domain of human IgK into the multiple 
cloning site of pcDNA3.1+/Neo (Invitrogen, Burlington, ON). The heavy chain and the light 
chain expression vectors were then co-lipofected into a 60 mm dish of 70% confluent human 
embryonal kidney 293 cells and the transfected cells were allowed to secrete a recombinant 
antibody with the identical specificity as the original plasma cell for 24-72 hours. The 
supernatant (3 mL) was harvested from the HEK 293 cells and the secretion of an intact 
antibody was demonstrated with a sandwich ELISA to specifically detect human IgG 
(Table 16). Specificity was assessed through binding of the recombinant antibody to TNFa 
using ELISA. 



Table 16 



Supernatant 
ID 


Ti 


iter 


total antibody 


antigen binding 


11A8 


>1:64 


>1:64 


27A9 ' 


1:16 


1:64 


103H1 


>1:64 


1:64 


107A6 


>1:64 


>1:64 


107G12 


>1:64 


>1:64 


164C7 


>1:64 


>1:64 


203A2 


>1:64 


>1:64 
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401A1 


>1:64 


>1:64 


402G10 


>1:64 


>1:64 



[0202] The secretion ELISA tests were performed as follows. Control plates 
were coated with 2mg/mL goat anti-human IgG H+L overnight as for binding plates, hTNFa 
was coated onto Costar Labcoat Universal Binding Polystyrene 96 well plates and held 
overnight at 4°C. The plates were washed five times with dH 2 0. Recombinant antibodies 
were titrated 1 :2 for 7 wells from the undiluted minilipofection supernatant. The plates were 
washed five times with dH 2 0. A goat anti-human IgG Fc-specific HRP-conjugated antibody 
was added at a final concentration of l|ig/mL for 1 hour at RT for the secretion and the two 
binding assays. The plates were washed five times with dH 2 0. The plates were developed 
with the addition of TMB for 30 minutes and the ELISA was stopped by the addition of 1 M 
phosphoric acid. Each ELISA plate was analyzed to determine the optical density of each 
well at 450 nm. 

[0203] Rabbit antibody genes were rescued, cloned and expressed as above, but 
were cloned into vectors containing rabbit IgGl heavy constant or kappa constant regions. 
Cells from well 7A4 (Table 14) were isolated, cloned and expressed as a fully rabbit 
antibody, R014 (AB-TNFa-R014). 

Purification of Recombinant Anti-TNFa Antibodies 

[0204] For larger scale production, heavy and light chain expression vectors 
(2.5|xg of each chain/dish) were lipofected into ten 100 mm dishes that were 70% confluent 
with HEK 293 cells. The transfected cells were incubated at 37°C for 4 days, the supernatant 
(6 mL) was harvested and replaced with 6 mL of fresh media. At day 7, the supernatant was 
removed and pooled with the initial harvest (120 mL total from 10 plates). Each antibody 
was purified from the supernatant using a Protein-A Sepharose (Amersham Biosciences, 
Piscataway, NJ) affinity chromatography (1 mL). The antibody was eluted from the Protein- 
A column with 500 mcL of 0.1 M Glycine pH 2.5. The eluate was dialysed in PBS pH 7.4 
and filter sterilized. The antibody was analyzed by non-reducing SDS-PAGE to assess purity 
and yield. Concentration was also measured by UV analysis at OD 250. 
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EXAMPLE 4 

BINDING OF ANTI-TNFa ANTIBODIES TO TRANSMEMBRANE TNFa 
[0205] Both soluble and membrane-bound TNFa can interact with TNFa 
receptors and contribute to TNFa pro-inflammatory effects. Therefore, it was important to 
establish whether 299v2 and 263 can effectively bind to membrane-bound TNFa, in addition 
to the soluble version of the molecule. To this end, TNFa-transfected CHO cells were used 
as well as activated T cells. 

[0206] Binding of anti-TNFa reagents to transmembrane mutant TNFa expressed 
on the surface of CHO cells was measured. Specifically, purified, quantitated IgG2 kappa 
and lambda hybridoma antibodies as well as isotype switched hybridoma and XENOMAX 
derived IgGl recombinant antibodies were assayed for their ability to bind transmembrane 
TNFa expressed on the surface of Chinese hamster ovary cells, CHO's. TNFa cDNA was 
mutated at various positions to prevent cleavage of TNFa from the surface of cells. The 
cDNA was then cloned into an expression vector. CHO cells were transfected and stable 
expressing cells were placed under drug selection to generate a DTNFa cell line. Anti-TNFa 
antibodies, as well as Etanercept, were titrated and added to DTNFa CHO cells on ice for 1 
or 18 hours. Cells were washed in cold PBS and a secondary biotinylated anti-rabbit or 
human IgG was further incubated on ice for 10 minutes, washed and a tertiary SA-PE labeled 
antibody was added on ice for an additional 10 minutes. Fluorescence activated cell sorting 
(FACS) was used to determine binding and staining profiles with antibodies at various 
concentrations. 

[0207] At low concentrations, the human antibodies, as well as chimeric 
Infliximab and rabbit ROM, bound the transmembrane form of TNFa on cells, whereas 
Etanercept clearly showed a lower binding signal. 299v2, 263, Infliximab, Adalimumab and 
Etanercept were incubated 18 hours at 4 degrees C on the DTNF-CHO cells at 0.1 ug/mL. 
With reference to the monoclonal antibodies, 299v2 and adalumimab apparently stained less 
than 263 and infliximab. The resulting data suggests that Fc mediated effects such as 
antibody-dependant cytotoxicity (CDC) and antibody-dependant cellular cytotoxicity 
(ADCC) should be observed on cells expressing transmembrane TNFa. A number of the 
generated antibodies can have more potent Fc mediated effects than Infliximab and 
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Etanercept. This may be of particular benefit for the treatment of diseases where cell surface 
TNFa may play a patho-physiological role such as Crohn's or psoriasis. 

[0208] For the treatment of disease indications where soluble forms of TNFa may 
mediate the majority of the disease state, an antibody with low Fc mediated effector function 
may be desirable. This could be achieved by expressing the anti-TNFa antibody as an IgG2 
or IgG4 isotype. 

[0209] Binding of anti-TNFa reagents to activated PBMC was also measured. 
PBMCs were isolated from a normal donor and incubated with an anti-CD3 antibody to 
activate T cells. T cell activation implies surface TNFa expression of membrane-bound 
TNFa. The ability of anti-TNFa reagents to bind to membrane-bound TNFa was again 
assessed at various concentrations by FACS analysis, gating on lymphocytes on the ground 
of light scattering and using a PE-conjugated anti -human IgG secondary antibody. The 
resulting staining data indicated that all the monoclonal antibodies 299v2, 263, Infliximab 
and adalumimab stained lymphocytes after T cell activation, while Etanercept does not. No 
anti-TNFa antibody stained lymphocytes if they were not subjected to T cell activation. 

EXAMPLE 5 
EPITOPE BINNING ASSAYS 
Epitope mapping of anti TNFa Antibodies 

[0210] The following describes the method used to map epitopes of anti TNFa 
Antibodies. Chimeric TNFa proteins, using human and mouse TNFa, were constructed and 
expressed. An alignment of human and mouse TNFa is provided in Table 17. 
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Table 17 

Human : VRSSSRTPSDKPVAHWANPQAEGQLQWLNRRANA 
Mouse : LRSSSQNSSDKPVAHWANHQVEEQLEWLSQRANA 

Human : LLANGVELRDNQLWPSEGLYLI YSQVLFKGQGCP 
Mouse : LLANGMDLKDNQLWPADGLYLVYSQVLFKGQGCP 

Human : STHVLLTHTISRIAVSYQTKVNLLSAIKSPCQRE 
Mouse : DY - VLLTHTVSRFAI S YQEKVNLLSAVKSPCPKD 

Human : TPEGAEAKPWYEP I YLGGVFQLEKGDRLSAE I NR 
Mouse : TPEGAELKPWYEPI YLGGVFQLEKGDQLSAEVNL 

Human : PDYLDFAESGQVYFGI IAL SEQ ID NO: 265 

Mouse : PKYLDFAESGQVYFGVIAL SEQ ID NO: 266 

[0211] Restriction cleavage sites common in human and murine TNFa-a genes 
were used for construction of in-frame fusion TNFa chimeric proteins. Seven constructs 
were made: human TNFa, mouse TNFa, H/M Bgll, M/H Bgll, H/M Hindi, H/M PvuII, M/H 
PvuII. All proteins were expressed and secreted in detectable levels measured by an ELISA 
assay using polyclonal antibodies against human and mouse TNFa. Chimeric TNFa 
proteins: the amino acid joining points are at positions: Bgll- 36/37, HincII-90/92, PvuII - 
124/126. The difference on one amino acid in the last two cases is due to the absence of the 
histidine residue at position 73 in the murine TNFa sequence. An example of anti-TNFa 
antibodies binding to these proteins by ELISA is in Table 18. 



Table 18 



Construct 


Goat 
Anti- 
Mouse 


Goat 
Anti- 
human 


3.2 
Ab 


3.7 
Ab 


4.17 
Ab 


Human 
residues 


H-TNFa 


+ . 


+++ 


+ 


+ 


+ 


1-157 


M TNFa 


+ 


+ 








None 


H/MBgll 


++++ 


+++ 






+ 
1-36 


1-36 


M/HuBgll 


+ 


+++ 




+ 

36-157 




36-157 


Hu/M 
PVull 


+ 


+++ 






+ 


1-125 
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M/Hu 
PVull 


++ 


+ 








125-157 


Hu/M 
Hin C 11 


+ 


++++ 


++ 
1-91 




++ 


1-91 



[0212] In order to define the binding site for different antibodies, a number of 
residues of hTNFa were mutated using site directed mutagenesis. A panel of antibodies was 
screened for binding by an ELISA assay. Human residues were replaced with the murine 
residues at position 27, 31, and 131. Histidine at position 73 was deleted, an example is 
illustrated in Table 19. 



Table 19 



Human 
Amino 

acid 
residues 


1-36 


36-157 


1-125 


1-91 


1-157 


R31Q 
mut 


R31Q, 
Q27E 
mut 


R131Q 
mut 


His 
73del 


250Ab 










+++ 


+++ 


+++ 


+++ 


+++ 


263Ab 










+++ 


+++ 


+++ 


+++ 


+++ 


269Ab 










+++ 


+++ 


+++ 


+++ 


+++ 


282 Ab 










+++ 


+++ 


*H h 


+++ 


+++ 


283 Ab 










+++ 


+++ 


+++ 


+++ 


+++ 


291 Ab 


+++ 




+++ 


+++ 


+++ 






+++ 


+++ 


299v2Ab 


+++ 




+++ 


+++ 


+++ 






+++ 




313 Ab 


+++ 




+++ 


+++ 


+++ 






+++ 


4-4-4- 


Infliximab 










+++ 


+++ 


+++ 


+++ 


4-4-4- 


3.2.1 






++ 


++ 




++ 


++ 


+++ 


+4-4- 


3.7.1 




++ 








++ 


++ 


+++ 


+++ 


4.17.1 


++ 




++ 


++ 




+ 




+++ 


+4-4- 


Rabbit 
R014 


+++ 




+++ 


+++ 


+++ 


+++ 


+++ 


+++ 


+++ 



[0213] As illustrated by Table 19, the binding site for Rabbit 014, 4.17, SC291, 
SC299 and SC313 are located in the first 36 amino acid residues of human TNFa. Amino 
Acids 31-35 have been shown to be involved in receptor recognition and triggering of 
biological response (Jones, E.Y., Stuart, D.I., and Walker, NPC, (1992) in Tumor Necrosis 
Factors: Structure, Function and Mechanism of Action (Aggarwal, B.B., and Vilcek, J., eds) 
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pp 93-127, Marcel Dekker, Inc., New- York a non-conservative change of Arg31 was 
introduced for further epitope mapping. The single amino acid change at position 3 1 was 
shown to knock out the binding of SC291, SC299 and SC313 completely, while mAb 4.17 
lost only 80% of its binding activity, an additional change at position 27 was required for the 
block the activity of 4.17. 

[0214] The Binding site of MAb 3.2. lies between residues 1-91. Although 
replacement of Gln27 and arg31 did not affect its binding to human TNFa, the N-terminus 
appears to be necessary for its binding activity. Mab 3.7 epitope lies between residues 36- 
157. 

[0215] None of the chimeras could be neutralized using monoclonal antibodies 
SC250, SC263, SC269, SC282, SC283 and Infliximab. All these antibodies are highly 
specific for human TNFa, and their epitope is a constellation of residues located in a 
different, non contiguous position of the TNFa polypeptide. Gln27, Arg31, His73 and 
Argl31 are not involved in the neutralizing binding site. 

[0216] Table 20 summarize the results of additional epitope mapping performed 
on 299v2, 263, etanercept, infliximab and Adalimumab. As shown in the Table 20, 299v2, 
etanercept, and adalimumab bind to the chimeric proteins containing the region of human 
TNF between aa 1 and aa 36, while 263 and infliximab do not bind any of the chimeric 
proteins. All the anti-TNF antibodies bind to human TNF, but none to murine TNF. These 
results indicate that the binding regions of 299v2, etanercept, and adalimumab are most 
likely comprised within the first 36 aa of TNF, while those of 263 and infliximab are 
scattered over the entire molecule. All anti-TNF antibodies bind protein-denaturation 
sensitive regions, indicating that their binding regions are conformational. 
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Table 20 



Human aa Residues 
Murine aa Residues 


1-36 
37-157 


1-91 
92-157 


1-125 
126 157 


36-157 
1-35 


125-157 
1-125 


1-157 


1-157 


Etanercept 


+ 


• + 


I 

T 


- 


- 


+ 


- 


299v2 


+ 


i 

-r 


+ 


- 






- 


Adalimumab 


+ 


+ 




- 


-- 


i 


- 


Infliximab 












+ 




263 












i 

-r 





[0217] The TNFa receptors p75-hFc and p55-hFc (Catalog number 372-RI-050 
and 372-RI/CF from R&D) were further analyzed for binding to TNFa proteins as shown in 
Table 21. 



Table 21 



Constructs 


p55-hFc 


p75s-hFc 


Human amino 
acid residues 


Hu TNFa 


++ 


++ 


1-157 


Hu/MBgll 


++ 


++ 


1-36 


M/HuBgll 






36-157 


Hu/M PVull 


+ 


++ 


1-125 


Hu/M Hin C 11 


++ 


++ 


1-91 


M/Hu Hin CII 


++ 


++ 


91-157 
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EXAMPLE 6 

ANTI-MACAQUE TNFa BINDING CROSS-REACTIVITY 



Binding to human and monkey soluble recombinant TNFa 

[0218] Anti-TNFa antibodies were also tested for their ability to bind to soluble 
recombinant TNFa. Human and monkey (cynomolgous macaque) TNFa were expressed in 
E. coli as fusion proteins with GST. Binding was assessed by ELISA. 299v2, 263, 
etanercept, infliximab, and adalumimab ("anti-TNFa antibodies") were incubated in 96-well 
plates coated overnight with 0.5 |ng/ml of human GST-TNFa, 2 ng/ml of monkey GST- 
TNFa, and 10 ng/ml of GST. Bound antibody was detected using an HRP-conjugated goat 
anti-human IgG antibody. Results showed that anti-TNFa antibodies all bind to human 
TNFa with a similar dose-response (Figure 5). Anti-TNFa antibodies differently bind to 
monkey TNFa. While 299v2 5 etanercept, and adalumimab bind cynomolgus macaque TNFa 
in a similar fashion, 263 and infliximab appear not to bind to cynomolgous macaque TNFa 
(Figure 6). 
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EXAMPLE 7 t . 

KINETIC ANALYSIS 

[0219] The kinetic measurements of the anti-TNFa antibodies were evaluated 
using KinExA® and BIACORE® technologies. The KinExA® method involves solution- 
based determination of formal affinity measurements at equilibrium. To measure the binding 
kinetics of each human anti-TNFa antibody, two experiments in replicates of three were 
- performed. In both experiments a known concentration of antigen was titrated and a 
different antibody concentration was added to each antigen titration and allowed to reach 
binding equilibrium. To determine the K<j measurements on human TNFa, the K d was 
calculated using a molar TNFa binding site concentration of one trimer (52.5 kDa), see Table 
22, or three monomers (17.5 kDa), see Table 23. The results were analyzed by dual curve 
analysis. Kinetic measurements for the rabbit R014 antibody were essentially performed as 
above, however, the unknown antigen concentration method was performed using the known 
antibody concentration to calculate the Kd. In addition, to negate the possibility of avidity 
effects, Fab fragments were generated by papain cleavage and the kinetic analysis was 
repeated (see Table 24). 

[0220] Additional kinetic constants were also calculated from BIACORE data 
using the methods described in their product literature. An association rate constant (k a ) is 
the value that represents strength (extent) of binding of an antibody with target antigen as 
calculated based on antigen-antibody reaction kinetics. A dissociation rate constant (kd) is 
the value that represents the strength (extent) of dissociation of this monoclonal antibody 
from target antigen as calculated based on antigen-antibody reaction kinetics. The 
dissociation constant (Kd) is the value obtained by dividing the dissociation rate constant (kd) 
value from the association rate constant (k a ), see Table 25. 



Table 22 



Ab 


Kd(M) 


Kd (M) High 


K„ (M) Low 


% Error 


299 VI 


6.3 e-13 


9.2 e-13 


4.3 e-13 


4.99 


299v2 


1.07 e-12 


SD=0.4 


8 (n=5) 




263 


3.73 e-12 


SD=1.06(n=4) 




3.2 


4.77 e-12 


7.6 e-12 


2.43 e-12 


4.7 


p75-hFc* 


4.10 e-13 


SD=0.15(n=4) 


>5%** 



-79- 



Infliximab 


4.70 e- 12 


6.90 e-12 


2.93 e-12 


5.45 


Adulimumab 


3.90 e-12 


6.87 e-12 


1.64 e-12 


5.77 



*A p75-hFc construct (R&D Systems) similar to etanercept (Enbrel) was used in 
these studies. When etanercept was used similar results were obtained (data not 
shown). 

** Each experiment had errors between 6-7%. 



Table 23 



mAb 


Kd(M) 


IQ (M) High 


IQ (M) Low 


% Error 


299 VI 


1.89 e-12 


2.76 e-12 


1.29 e-12 


4.99 


299v2 


3.20 e-12 


SD=1.44(n=5) 




263 


1.12 e-11 


SD=3.17(n=4) 




3.2 


1.43 e-11 


2.30 e-11 


7.30 e-12 


4.7 


p75-hFc* 


1.23 e-12 


SD=0.44 (n=4) 


>5%** 


Infliximab 


1.41 e-11 


2.07 e-11 


8.78 e-12 


5.45 


Adulimumab 


1.17 e-11 


2.06 e-11 


4.94 e-12 


5.77 


*A p75-hJ 


Fc construct (R&D Systems) similar to etanercept (Enbrel) was used in 



these studies. When etanercept was used similar results were obtained (data not 
shown). 

** Each experiment had errors between 6-7%. 



Table 24 



mAb 


Kd(M) 


Kd (M) High 


Kd (M) Low 


% Error 


Rabbit R014 


7.87 e-13 


2.47 e-12 


1.56 e-13 


2.74 


Rabbit R014 Fab 


6.38 e-13 


1.94 e-10 


2.09 e-15 


16.9 



Table 25 



mAb 
299 v2 


Average 


Standard 
Deviation (CV) 


95% Confidence 
Intervals 


k a (NT'S" 1 ) 


2.16 x 10 6 
(N=5) 


+/- 9.38 x 10 5 
(46%) 


+/- 1.22 x 10 6 
(56%) 


Ms"') 


1.03 x 10" 5 
(N-5) 


+/-5.48x lO -6 
(53%) 


+/- 6.81 x 10" 6 
(66%) 


Kd(pM) 


5.7 


+/- 3.9 
(68%) 


+/- 4.8 
(84%) 
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[0221] The binding affinity of 299v2 for cynomolgus macaque TNFa was also 
measured, since this antibody had been found capable of binding monkey TNFa in an 
ELISA. The KinExA method was also used to measure the K<j describing this binding 
affinity. 299v2 bound to monkey TNFa with an affinity of 626 pM, considering TNFa as a 
monomer, which is therefore approximately 200 times lower than the affinity for human 
TNFa. 

EXAMPLE 8 

IN VITRO ANTI-HTNFa ANTIBODIES CHARACTERIZATION. 

Inhibition of TNFa induced apoptosis on human MCF-7 cells. 

[0222] IgG2 kappa and lambda hybridomas were bulk cultured, purified and 
quantified as described previously. Isotype switched hybridoma and XENOMAX® derived 
IgGl recombinant antibodies were expressed, purified and quantitated as described 
previously. Antibodies were further assayed for their ability to neutralize the biological 
effect of TNFa induced apoptosis on human MCF-7 cells. 96-well plates were seeded at 
5000 cells MCF-7/well, 200|iL/well with phenol red free DMEM + 10% FCS. The plates 
were incubated overnight at 37°C + 5% C0 2 . On each plate, a titration of each antibody was 
assayed, in final concentrations from 0.005 ng/ml to 10 jag/ml. Anti-TNF reagents were 
diluted in apoptosis medium (2.5% FCS, 5ng/mL CHX in phenol red free DMEM), in 
triplicate or up to replicates of six, at a constant concentration of 100 pg/mL (1.9 pM as a 
trimer) TNFa. 6 well plates with TNFa alone in apoptosis media and 6 well plates with 
apoptosis medium alone were also included. TNFa +/- neutralizing antibody was pre- 
incubated for 1 hour or for 18 hours at 37°C + 5% C0 2 . 200|uL TNFa +/- neutralizing 
antibody was transferred to cells and incubated overnight at 37°C + 5% CO2. 

[0223] Cells were stained with 0.5^g/mL PI and 2.5|ig/mL Heochst 33342 for one 
hour. Percentage of apoptosis was determined by counting the number of dead cells (PI +ve) 
and dividing by the total number of cells (Heochst +ve). Neutralization was assayed using 
MCF-7 cells and detected as a ratio of propidium iodide and Heochst 33342 staining. An 
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example of neutralizing antibody titration curves used to generate IC 50 values by four 
parameter curve fitting is provided in Figures 7 and 8, as line graphs. 

[0224] Results shown in Table 26 are the averages of data obtained from different 
experiments of in vitro inhibition of TNF induced apoptosis in MCF-7 cells at a 1 hour or 18 
hour antibody pre-incubation time point with TNF. The longer 18 hour preincubation may 
allow affinity differences to be seen more readily, as antibody-antigen binding is nearer to 
equilibrium. 299v2 demonstrated the lowest IC50s of any of the fully human mAbs as well as 
Infliximab. A strong correlation between affinity and neutralization potency is also observed. 



Table 26 



mAb 


IC50 1hr Pre-incubation (pM) 


IC5018hr Pre-incubation (pM) 




Average 


St. Dev. 


Average 


St. Dev. 


299v2 


18.6 


4.2 


1.6 


1.3 


263 


59.5 


13.4 


37.0 


4.3 


4.17 g1 


256.3 


238.8 


40.4 


6.2 


3.2 g1 


93.8 


11.0 


38.6 


12.1 


Infliximab 


32.4 


1.5 


31.7 


20.4 


Adalimumab 


75.8 


12.8 


34.5 


8.3 


Etanercept 


3.4 


1.8 


2.2 


0.8 



[0225] An example of the average IC 50 values for anti-TNFa neutralization of 
apoptosis is represented in Figure 9, a bar graph. As Figure 9 indicates, all antibodies are 
potent neutralizers of TNFa induced apoptosis. In particular, antibody 299 v2 appears to have 
a better average potency than Infliximab, Adalimumab or Etanercept. 

[0226] Table 27 shows the inhibition of TNF induced apoptosis on MCF-7 cells 
by the rabbit R014 mAb after 1 hour pre-incubation with TNF. 
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Table 27 



Anti-TNFa 


Average 
IC 50 (pM) 


SD (pM) 


*n= 


R014 


14.2 


4.5 


12 



* number of experiments 



Inhibition of TNFa induced apoptosis on human WM 266.4 cells. 

[0227] IgG2 kappa and lambda hybridomas were bulk cultured, purified and 
quantified as described above. Isotype switched hybridoma and XENOMAX® derived IgGl 
recombinant antibodies were expressed, purified and quantitated as above. Antibodies were 
further assayed for their ability to neutralize the biological effect of TNFa induced apoptosis 
on human WM 266.4 cells. 20,000 WM266.6 cells were plated in 96-well plates in complete 
media (RPMI1 640/1 0%FBS/Gln/P/S) and incubated at 37°C/10% C0 2 overnight. Media was 
removed and 50|iL test antibodies plus TNFa (pre-incubated for 30' at room temperature) 
was added in serum free media (RPMI1640/Gln/P/S). 50(iL cyclohexamide plates were 
incubated overnight as above final assay conditions: V=100jaL, cyclohexamide = 6|ig/mL, 
TNFa = 600 pg/mL =11.4 pM as a trimer. Test antibodies concentrations vary as described. 
IOOjiL Caspase buffer and 0.3(iL Caspase substrate (APO-ONE, Promega) were added per 
well. Caspase activity was determined on the Victor Wallac; excitation wavelength @ 485 
nm; emission wavelength @ 530 nm. An example of the antibodies ability to neutralize 
apoptosis by is shown in Figure 10. Fig. 10 is a bar graph that shows the average IC 5 o values 
for anti-TNFa neutralization. Neutralization was performed on human WM266 cells and 
caspase activity was measured as an indication of TNFa induced apoptosis. Antibody IC50 
calculations were performed as described in the brief description of Figure 7. 

[0228] A control shows induction of apoptosis by TNFa and cyclohexamide 
alone. Other controls included Rabbit 014 Ab as well Infliximab and p75-hFc (R&D), as an 
Etanercept surrogate. The graph shows caspase activity as a measure of TNFa induced 
apoptosis. As can be seen in Figure 10, SC299V1 and SC299V2 antibodies are consistently 
similar to each other and in addition to R014, 263 and perhaps 234 are more potent than 
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Infliximab and p75-hFc. 4.17 IgG2, SC282 and 3.2 IgG2 were more potent than p75-hFc. As 
also indicated by Figure 10, all antibodies are potent neutralizers of TNFa induced apoptosis. 

Inhibition of TNFa-induced IL-8 production in human whole blood. 

[0229] Cultures of human whole blood reproduce naturally occurring conditions 
of clinical relevance that may not be present in cell cultures or in experimental animals. 
Whole blood cultures were used to assess the efficacy of anti-TNFa antibodies to neutralize 
TNFa-induced IL-8 production. Whole blood was obtained from normal donors by 
venopuncture, collected in EDTA tubes, and plated into 96-well plates. Anti-TNFa 
antibodies were diluted in RPMI medium and mixed with the whole blood. An irrelevant 
human IgGl antibody was used as a control. This was followed by the addition of TNFa 
(final concentration 100 pg/ml, corresponding to 1.9 pM considering TNFa as a trimerj. 
Plates were then incubated for 6 hours at 37°C. After incubation, Triton X-100 was added to 
the cultures at a final concentration of 0.5% v/v to cause cell lysis. IL-8 production was 
measured in the by ELISA. To express results, IL-8 induced by TNFa in the presence of the 
IgGl control was set as 100%. Table 28 reports the IC50s for the anti-TNFa antibodies 
calculated using inhibition curves (Fig 11). 299v2 and the Etanercept surrogate demonstrate 
the lowest IC50s and highest potencies. 



Table 28 





Whole Blood 
IC50 (pM) 


299v2 


131 ±9 


263 


524 ± 60 


Infliximab 


546 ± 65 


Adalimumab 


896 ± 159 


p75-hFc* 


166 ±32* 



*A p75-hFc construct (R&D Systems) similar to etanercept (Enbrel) was used in 
these studies. When etanercept was used similar results were obtained (data not 
shown). 
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Antibody-dependent cell-mediated cytotoxicity 

[0230] Anti-TNFa antibodies were assayed to determine their ability to support 
the killing of TNFa-transfected CHO cells mediated by PBMCs, mainly NK cells. Briefly, 
human PBMCs were obtained from a normal donor and resuspended at a concentration 
calibrated so that, added to the effector cells, would yield 1:100 effector/target cell ratios. At 
the same time, TNFa-transfected CHO cells, that stably express membrane-bound TNFa, 
were labeled with the membrane dye PKH-26. CHO cells were then seeded into 96- well 
dishes in triplicate with or without 5 (ig/ml antibody. After a 30 min incubation, effector 
cells were added, and the ADCC reaction was allowed to occur overnight at 37°C. At this 
point, triplicate samples were pooled, stained with the dye TOPO-3 per manufacturer's 
instruction, and analyzed by FACS. Ratios of the number of PKH-26 and TOPO-3 double- 
positive cells (dead target cells) versus PKH-26 single-positive cells (live target cells) were 
calculated and used to express results as percentages. The results indicate that the 
monoclonal antibodies have the ability to support ADCC at remarkable variance with p75- 
hFc, that was used as etanercept surrogate (Table 29). 

Complement-dependent cytotoxicity 

[0231] Anti-TNFa antibodies were also assayed for the ability to fix complement 
and thus mediate the killing of TNFa-transfected CHO cells. Briefly, CHO cells were seeded 
at 125000/well in 96-well plates and added with 5 |ug/ml antibody in duplicate. After 3 hours 
of incubation on ice, rabbit complement was added to a final concentration of 10%, and the 
CDC reaction was allowed to occur for 30 min at room temperature. At this point, cells were 
stained with 0.5 |ig/ml of PI and 2.5 |ig/ml of Heochst 33342 for 1 hour and counted using 
Autoscope. Experiments were conducted in triplicate. Results were calculated and 
expressed as described above for the TNFa-induced apoptosis assay. As in the case of 
ADCC, the results indicate that the monoclonal antibodies have ability to incite CDC at 
variance with p75-hFc, that was used as etanercept surrogate (Table 29). 
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Table 29 





ADCC 


CDC 




(%) 


(%) 


IGgl Ctrl 


2±2 


2±0 


299v2 


16 ± 5 


9± 1 


263 


10± 5 


17±0 


Infliximab 


15 ± 5 


12 ±2 


Adalimumab 


8±4 


12± 1 


p75-hFc * 


2± 1 


2±2 



**A p75-hFc construct (R&D Systems) similar to etanercept (Enbrel) was used in 
these studies. 

EXAMPLE 9 

IN VIVO ANTI-HTNFa ANTIBODIES CHARACTERIZATION. 

Inhibition of TNFa-induced hepatic injury in mice 

[0232] To test whether anti-human TNFa antibodies neutralize human TNFa in 
vivo, the ability of anti-human TNFa antibodies to protect against the hepatic injury induced 
by human TNFa and D-galactosamine (D-GalN) administration in mice was studied 
(Lehmann V et al., J. Exp. Med., 1987 165(3): 657-63). Administration of TNFa with D- 
GalN induces fulminant liver injury that resembles the liver injury induced by LPS and D- 
GalN, characterized by widespread apoptotic death of hepatocytes, ultimately resulting in 
shock and lethality. D-GalN treatment renders mice 100-1000 more sensitive to the lethal 
effects of lipopolysaccharide (LPS) as well as murine TNFa (Lehmann V 5 et al., Exp. 
Med., 1987 165(3): 657-63). The apoptotic liver injury induced by LPS and D-GalN has 
been shown to be dependent on endogenously produced TNFa (Leist M, et al., Am. J Pathol, 
1995, 146(5): 1220-34.). It has also been demonstrated that this liver injury is dependent 
exclusively on secreted TNFa signaling through the p55 receptor (Nowak M, et al., Am. J. 
Physiol 2000, 278(5): Rl 202-9), suggesting that D-GalN also sensitizes to the lethal effects 
of human TNFa, which in mice binds only p55 TNFa receptor. Liver injury induced by 
hTNFa and D-GalN was assessed by measuring serum enzyme activity of alanine 
aminotransferase (ALT). 

[0233] The experiments were performed as described. 8 to 10 weeks old Balb/c 
female mice, weighing approximately 20 g, were obtained from Charles River Laboratories. 
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8-10 mice per group were used. The dose and route of administration as well as the time for 
measuring the ALT levels in the serum were defined in preliminary experiments. Mice were 
injected with D-GalN (Sigma) (900mg/kg, ip) 90 min before human TNF (R&D System) (1 
jig/mouse, iv). The intravenous administration of 1 jig/mouse of TNF resulted in circulating 
levels of TNF of 19 nM (considering TNF as a trimer). Hepatocyte damage was assessed 6 
hours after TNF/ GalN administration by measuring ALT using a commercial diagnostic kit 
(Sigma). To compare the ability of 299v2, 263, Etanercept, Adalimumab and infliximab to 
inhibit TNFa in vivo, dose-response experiments were performed by injecting anti-TNF 
reagents (1-10 i.v. |ig/mouse) 90 min before TNF (1 jig/mouse, iv). Control mice received 
saline before TNF. Data were expressed as % of control and neutralization curves were 
generated (Figure 12). IC50s were calculated using a four parameter fit curve. Table 30 
shows the IC50s for the different anti-TNF reagents averaged from different experiments. 

Inhibition of TNFa-induced IL-6 production in mice 

[0234] As another approach to testing the ability of anti-TNFa antibodies to 
inhibit TNFa in vivo, anti-TNFa antibodies were used to block the production of IL-6 
induced in mice by human. TNFa engenders many acute biological actions, including the 
induction of IL-6 (Benigni et al, J. Immunol. 157:5563, 1996). 8-10 mice per group were 
used. As initially established in time-course experiments, injection of human TNFa into 
mice causes a rapid rise in serum IL-6 levels that peak at 2 hours after injection. Based on 
the results of other preliminary experiments aimed to define the dose and the route of 
administration of TNFa, mice were injected intravenously with 1 |ig/mouse of human TNFa. 
IL-6 levels were measured 2 hours after TNFa administration using a commercial ELISA kit 
(R&D System). Dose-response experiments were performed by injecting anti-TNFa 
antibodies (1-10 i.v. ^g/mouse) 90 min before TNFa (1 jig/mouse, iv). Control mice received 
saline before TNFa. Data were expressed as a percentage of control and neutralization curves 
were generated (Fig. 13). IC50s were calculated using a four parameter fit curve. Table 30 
shows the IC50s for the different anti-TNFa antibodies averaged from different experiments. 
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Table 30 





In vivo Potency (nM) 




ALT 


IL-6 


299v2 


50 ±4 


43 ± 1 


263 


48 ±6 


35 ±5 


Infliximab 


41 ± 10 


43 ±21 


Adalimumab 


40 ±1 


36 ±5 


Etanercept 


27 ± 16 


27 ± 14 



EXAMPLE 10 

STRUCTURAL ANALYSIS OF ANTI-TNFa ANTIBODIES 
[0235] The variable heavy chains and the variable light chains for the antibodies 
shown in Table 1 above were sequenced to determine their DNA sequences. The complete 
sequence information for all anti-TNFa antibodies are shown in the sequence listing 
submitted herewith, including nucleotide and amino acid sequences. 

[0236] Table 31 is a table comparing various XENOMAX® derived antibody 
heavy chain regions to a particular germ line heavy chain region. Table 32 is a table 
comparing various XENOMAX® derived antibody light chain regions to a particular germ 
line light chain region. Table 33 is a table comparing various hybridoma derived antibody 
heavy chain regions to a particular germ line heavy chain region. Table 34 is a table 
comparing various hybridoma derived antibody light chain regions to a particular germ line 
light chain region. 
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FR4 


WGQGILATVSS 


WGQGILATVSS 


WGQGTLAAVSS 


WGQGTLVTVSS 


WGQGTLVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTLVTVSS 


WGQGTLVTVSS 


WGQGTLVTVSS 


WGQGTLVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


CDR3 


ESDYGGYPYFD 
Y 


ESDYGGYPYFD 
Y 


ESDYGGNPYFD 
Y 




GTGAFDY 




ENAVTYGGYYH 
YGMDV 




SLGGMDV 


SLGGMDV 


SLGGMDV 




ETTVTKEGYYY 
YGMDV 


ETTVTKEGYYY 
YGMDV 




DPITETMEDYF 
DY 




SNWGLDY 




EKDCGGDCYSH 
YGMDV 


X 

CO 

§1 
82 
S 

W 


EKDCGGDCYSH 
YGMDV 


FR3 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCTR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCTR 


RFT I S RDNS KNTLYLQMNS LR 
AEDTAVYYCAR 


RFT I S RDNS KNTLYLQMNS LR 
AEDTAVYYCAR 


RFTISRDNSKNTLFLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFT I SRDNAKNS LYLQMNS LR 
AEDTAVYYCAR 


RFT I S RDNAKNS LYLQMNS LR 
AEDTAVYYCAR 


RFT I SRDNAKNS LYLQMNS LR 
AEDTAVYYCAR 


RFT I S RDNAKNS LYLQMNS LR 
AEDTAVYYCAR 


RFT I S RDNS KNTLYLQMNS LR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RVTMTTDTSTSTAYMELRSLR 
SDDTAVYYCAR 


RVTMTTDTSTNTAYMELRSLR 
SDDTAVYYCAR 


QVTISADKSISTAYLQWSSLK 
ASDTAMYYCAR 


QVTI SADKS I STAYLQWSSLK 
ASDTAMYYCAR 


RFTISRDNSKNTLYLQMNSLR ; 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFT I S RDNS KNTLYLQMNS LR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


CDR2 


VIWHDGSNKYY 
ADSVKG 


VIWHDGSNKYY 
ADSVKG 


VIWYDGSNKYY 
ADSVKG 


VIYSGGSTYYA 
DSVKG 


VIYNAGSAYYA 
DSVKG 


VISYDGSNKYY 
ADSVKG 


IISYDGSIKYY 
ADSVKG 


YISSSGSTIYY 
ADSVKG 


YISRSGSTIYY 
ADSVKG 


YISRSGSTIYY 
ADSVKG 


YISRSGSTIYY 
ADSVKG 


VIWYDGSNKYY 
ADSVKG 


VIWYDGSNKYY 
ADSVKG 


VIWYDGSNKYY 
ADSVKG 


WISAYNGNTNY 
AQKLQG 


WISAYNVNTNY 
AQKLQG 


IIYPGDSDTRY 
SPSFQG 


IIYLGDSDTRY 
SPSFQG 


VIWYDGSNKYY 
ADSVKG 


VIWYDGSIKYY 
VDSVKG 


VIWYDGSIKYY 
VDSVKG 


VIWYDGSIKYY 
VDSVKG 


FR2 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVS 


WVRQAPGKGLE 
WVS 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WIRQAPGKGLE 
WVS 


WIRQAPGKGLE 
WVS 


WIRQAPGKGLE 
WVS 


WIRQAPGKGLE 
WVS 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGQGLE 
WMG 


WVRQAPGQGLE 
WMG 


WVRQMPGKGLE 
WMG 


WVRQMPGKGLE 
WMG 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


CDRl 


CO 

co 
fn 
H 
b 
O 


GFTFSSYGMH 


GFTFSSYGMH 


GFTVSSNYMS 


GFTVSSNYVN 


GFTFSSYGMH 


GFTFSSYDMH 


GFTFSDYYMS 


GFTFSDYYMS 


GFTFSDYYMS 


GFTFSDYYMS 


GFTFSSYGMH 


GFTFSSYGMH 


GFTFSSYGMH 


GYTFTSYGIS 


GYTFTSYGIS 


GYSFTSYWIG 


GYSFTSYWIG 


GFTFSSYGMH 


GFTFSNYGMH 


GFTFSNYGMH 


GFTFSNYGMH 


FRl 


QVHLVESGGGWQPGRSLRLS 
CAAS 


QVHLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


EVQLVESGGGLIQPGGSLRLS 
CAAS 


EVQLVESGGGLIQPGGSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGGLVKPGGSLRLS 
CAAS 


QVQLVESGGGLVKPGGSLRLS 
CAAS 


QVQLVESGGGLVKPGGSLRLS 
CAAS 


QVQLVE SGGGLVKPGGS LRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVQSGAEVKKPGASVKVS 
CKAS 


QVQLVQSGAEVKKPGASVKVS 
CKAS 


EVQLVQSGAEVKKPGESLKI S 
CKGS 


EVQLVQSGAEVKKPGESLKI S 
CKTS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CTTS 


QVQLVESGGGWQPGRSLRLS 
CTTS 


QVQLVESGGGWQPGRSLRLS 
CTTS 
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FR4 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTLVTVSS 


WGQGTTVTVSS 


WGQGTLVTVSS 


WGQGTLVTVSS 


WGQGTLVTVSS 


WGQGTLVTVSS 


WGQGTLVTVSS 


WGQGTLVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


CDR3 


EKDCGGDCYSH 
YGMDV 




DDYYYGMDV 




ESDYGGNPYFD 
Y 




DRFTSGWFDY 




GPGGFDY 




GPGSFDY 




APLWTVRSWYY 
YGMDV 




DLTYYDILGGM 
DV 


DLTYYDILGGM 
DV 


DLTYYDILGGM 
DV 


DLTYYDILGGM 
DV 


DLTYYDILGGM 
DV 




GEGGMDV 


GEGGMDV 


FR3 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFT I S RDNS KNTLYLQMNS LR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR ! 


RVTISVDTSKNQFSLKLSSVT 
AADTAVYYCAR 


RVTISVDTSKNQFSLKLRSVT 
AADTAVYYCAR 


RFT I S RDNAKNS LYLQMNS LR 
DEDTAVYYCAR j 


RFT I S RDNAKNS LYLQMNSLR 
DVDTAVYHCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RVTMTRDTS I STAYME LS RLR 
SDDTAVYYCAR 


RVTMTRDTSISTAYMELSRLR 
SDDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLNLQMNSLR 
AEDTAVYYCAR j 


RFTISRDNSKNTLNLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLNLQMNSLR 
AEDTAVYYCAR 


RFT I S RDNS KNTLNLQMNS LR 
AEDTAVYYCAR 


RFTISRDNSKNTLNLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR | 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


CDR2 


VIWYDGSIKYY 
VDSVKG 


VIWYDGSNKYY 
ADSVKG 


IIWYDGSNKYY 
ADSVKG 


VIWYDGSNKYY 
ADSVKG 


VIWYDGNNKYY 
ADSVKG 


YIYYSGSTNYN 
PSLKS 


YFYYSGSTNYN 
PSLKS 


YISSSSSTIYY 
ADSVKG 


YISNSITSKYY 
ADSVKG 


VIYSGGSTYYA 
DSVKG 


VIYSGGGTYYA 
DSVKG 


WINPNSGGTNY 
AQKFQG 


WINPNSGGTNY 
AQKFQG 


VIWYDGSNKYY 
ADSVKG 


VIWYDGRNKYN 
ADSVKG 


VIWYDGRNKYN 
ADSVKG 


VIWYDGRNKYN 
ADSVKG 


VIWYDGRNKYN 
ADSVKG 


VIWYDGRNKYN 
ADSVKG 


VIYSGGSTYYA 
DSVKG 


VIYSGGSTYYA 
DSVKG 


VIYSGGSTYYA 
DSVKG 


FR2 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WIRQPPGKGLE 
WIG 


WIRQPPGKGLE 
WIG 


WVRQAPGKGLE 
WVS 


WVRQAPGKGLE 
WVS 


WVRQAPGKGLE 
WVS 


WVRQAPGKGLE 
WVS 


WVRQAPGQGLE 
WMG 


WVRQAPGQGLE 
WMG 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVS 


WVRQAPGKGLE 
WVS 


WVRQAPGKGLE 
WVS 


CDRl 


GFTFSNYGMH 


GFTFSSYGMH 


GFTFSSSGMH 


GFTFSSYGMH 


GFTFSSYGMH 


GGSISSYYWS 


GGSISSYYWS 


GFTFSSYSMN 


GFTFSNYGMN 


GFTVSSNYMS 


GFTVSSNYMS 


GYTFTGYYMH 


GYTFTGYYMH 


GFTFSSYGMH 


GFTFSSYGMH 


GFTFSSYGMH 


GFTFSSYGMH 


GFTFSSYGMH 


GFTFSSYGMH 


GFTVSSNYMS 


GFTVSSNYMS 


GFTVSSNYMS 


FRl 


QVQLVESGGGWQPGRSLRLS 
CTTS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGDWQPGRSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGG WQ PGRS LRLS 
CAAS 


QVQLQESGPGLVKPSETLSLT 
CTVS 


QVQLQESGPGLVKPSETLSLT 
CTVS 


EVQLVESGGGLVQPGGSLRLS 
CAAS 


EVQLVE SGGGLVQPGGS LRLS 
CAAS 


EVQLVESGGGLIQPGGSLRLS 
CAAS 


EVQLVESGGGLIQPGGSLRLS 
CAAS 


QVQLVQSGAEVKKPGASVKVS 
CKAS 


QVQLVQSGAEVKKPGASVKVS 
CKAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGG WQPGRS LRLS 
CAAS * 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGG WQ PGRS LRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


EVQLVE SGGGL I Q PGGS LRLS 
CAAS 


EVQLVESGGGLIQPGGSLRLS 
CAAS 


EVQLVESGGGLIQPGGSLRLS 
CAAS 
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ro 
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ON 
CN 


CN 
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o\ 
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VO 
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in 
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r- 
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o 

CN 
rH 
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o\ 

CN 


CN 

vo 
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a\ 
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CN 


vo 

CN 
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vo 

rH 
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o 
in 

CN 


CN 
rH 
rH 


o 
o 
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CN 

in 
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ro 

rH 


CHAIN 
NAME 


4 .17 




rH 

CN 




CN 
CN 




vo 
ro 




4 .22 




0\ 
CN 




H 

ro 




4.19 


4.18 


00 
CN 


4.20 


r- 

CN 




2 .19 


in 

rH 
CN 



Dt 
fa 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTTVTVSS 


WGQGTLVTVSS 


WGQGTLVTVSS 


WGQGTTVTVSS 


W 

> 

I 

i 


CDR3 




ENTMVRGGDYY 
YGMDV 


ENTMVRGGDYY 
YGMDV 




SRYGDWGWFDP 




GNRVWAGTRV 
TPANWGYYYYG 
MDV 


FR3 


RFTI SRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFTI SRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFTISRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


RFT I SRDNSKNTLYLQMNSLR 
AEDTAVYYCAR 


CDR2 


VIWYDGSNKYY 
ADSVKG 


VIWYDGSNKYH 
ADSVKG 


VIWYDGSNKYH 
ADSVKG 


VIWYDGSNKYY 
ADSVKG 


VIWYDGSNKYY 
ADSVKG 


VIWYDGSNKYY 
ADSVKG 


VIWYDGSNKYY 
ADSVKG 


CN 
fa 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


WVRQAPGKGLE 
WVA 


CDRl 


GFTFSSYGMH 


GFTFSSYDMH 


GFTFSSYDMH 


GFTFSSYGMH 


GFTFSSYGMH 


GFTFSSYGMH 


GFTFSSYGMH 


FRl 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 


QVQLVESGGGWQPGRSLRLS 
CAAS 




Germline I 


VH3-33/D3- 
10/JH6b 
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4 .10 




4 .21 



FR4 


FGGGTKLTVL 


FGGGTKLTVL 


FGGGTKLTVL 


FGGGTKVEIK 


FGGGTKVEIK 


FGGGTKVEIK 


FGGGTKVEIK 


FGGGTKVEIK 


FGGGTKVEIK 


FGGGTKVEIK 


FGGGTKVEIK 


FGGGTKVEIK 


FGGGTKVEIK 


FGGGTKVEIK 


FGGGTKVEIK 


FGGGTKVEIK 


FGGGTKVEIK 


FGGGTKVEIK 


CDR3 


QSYDSSLSGSV 


QSYDSSLSGSV 


QSYDSSLSGSV 


LQHNSYPLT 


LQHNSYPLT 


LQHNSYPLT 


LQHNSYPLT 


LQHMSLPLT 


LQHMSLPLT 


LQHRSYPLT 


LQHMSLPLT 


LQHNPYPPRLT 


LQHMSLPLT 


LQHNSYPLT 


LQHNSYPLT 


LQHNSLPLT 


LQHNSYPLT 


LQHNSYPLT 


FR3 


GVPDRFSGSKSGTSASLAITG 
LQAEDEADYYC 


GVPDRFSGSKSGTSASLAITG 
LQAEDEADYYC 


GVPDRFSGSKSGTSASLAITG 
LQAEDETDYYC 


GVPSRFSGSGSGTEFTLTISS 
LQPEDFATYYC 


GVPSRFSGSGSGTEFTLTISS 
LQPEDFATYYC 


GVPSRFSGSGSGTEFTLTISS 
LQPEDFATYYC 


GVPSRFSGSGSGTEFTLTI SS 
LQPEDFATYYC 


GVPSRFSGSGSGTEFTLTISS 
LQPEDFATYYC 


GVPSRFSGSGSGTEFTLTISS 
LQPEDFATYYC 


GVPSRFSGSRSGTEFTLTISS 
LQPEDFASYYC 


GVPSRFSGSGSGTEFTLTI SS 
LQPEDFATYYC 


GVPSRFSGSGSGTEFTLTISS 
LQPEDFTTYYC 


GVPSRFSGSGSGTEFTLTISS 
LQPEDFATYYC 


GVPSRFSGSGSGTEFTLTISS 
LQPEDFATYYC 


GVPSRFSGSGSGTEFTLT I SS 
LQPEDFATYYC 


GVPSRFSGSGSGTEFTLTVSS 
LQPEDFATYYC 


GVPSRFSGSGSGPEFTLTISS 
LQPEDFATYYC 


GVPSRFSGSGSGPEFTLTISS 
LQPEDFATYYC 


CDR2 


GNSNRPS 


GNSNRPS 


GNSNRPS 


AASSLQS 


AASSLQS 


VASSLQS 


GASSLQS 


AASSLQS 


AASSLQS 


AASSLQS 


AASSLQS 


AASNFLS 


AASSLQS 


AASSLQS 


AASSLQS 


AASSLQS 


AASSLQS 


AASSLQS 


FR2 


WYQQLPGTAPK 
LLIY 


WYQQFPGTAPK 
LLIY 


WYQQLPGTAPK 
LLIY 


WYQQKPGKAPK 
RLIY 


WYQQKPGKAPK 
RLIY 


WYQQKPGKAPK 
CLIY 


WYQQKPGKAPE 
RLIY 


WYQQKPGKAPK 
RLIY 


WYQQKPGKAPK 
RLIY 


WYQQKPGKAPK 
RLIY 


WYQQKPGKAPK 
RLIY 


WFQQKPGKAPK 
RLIY 


WYQQKPGKAPK 
RLIY 


WYQQKPGKAPK 
RLIY 


WYQQKPGKAPK 
RLIY 


WYQQKPGKAPK 
RLIY 


WYQQKPRKAPK 
RLIF 


WYQQKPRKAPK 
RLIF 


CDRl 


TGSSSNIGAGY 
DVH 


TGSSSNIGAGY 
DVH 


TGNSSNIGAGY 
DVH 


RASQGIRNDLG 


RASQGIRNDLG 


RASQGIRNDLG 


RASQGIRHDLG 


RASQGIRNDLG 


RASQGIRNDLG 


RASQAIRNDLG 


RASQGIRNDLG 


RASQGIRNDLG 


RASQGIRNDLG 


RASQGIRNDLG 


RASQGIRNDLG 


RASQGIRNDLG 


RASQGIRNDLG 


RASQGIRNDLG 


FRl 


QSVLTQPPSVSGAPGQRVTIS 
C 


QSLLTQPPSVSGAPGQRVTIS 
C 


QSVLTQPPSVSGAPGLRVTIS 
C 


DIQMTQSPSSLSASVGDRVTI 
TC 


DIQMTQSPSSLSASVGDRVTI 
TC 


DIQMTQSPSSLSASVGDRVTI 
TC 


DIQMTQSPSSLSASVGDRVTI 
TC 


DIQMTQSPSSLSASVGDRVTI 
TC 


DIQMTQSPSSLSASVGDRVTI 
TC 


DIQMTQSPSSLSASVGDRVTI 
TC 


DIQMTQSPSSLSASVGDRVTI 
TC 


DIQMTQSPSSLSASVGDRVTI 
TC 


DIQMTQSPSSLSASVGDRVTI 
TC 


DIQMTQSPSSLSTSVGDRVTI 
TC 


DIQMTQSPSSLSASVGDRVTI 
TC 


DIQMTQSPSSLSASVGDRVTI 
TC 


DIQMTQSPSSLSASVGDRVTI 
TC 


D I QMTQS PS S LS AS VGDRVT I 
TC 
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FR4 


FGPGTKVDIK - 


FGPGTKVDIK 


FGPGTKVDIK 


FGPGTKVDIK 


FGGGTKLTVL 


FGGGTKLTVL 


FGGGTKLTVL 


FGGGTKLTVL 


FGGGTKLTVL 


FGGGTKLTVL 


FGGGTKLTVL 


FGQGTRLEIK 


FGQGTRLEIK 


FGGGTKLTVL 


FGGGTKLTVL 


FGGGTKLTVL 


FGGGTKLTVL 


FGGGTKLTVL 


FGGGTKLTVL 


FGGGTKLTVL 


FGGGTKLTVL 


CDR3 


QQYNNWPFT 


QQYHTWPFT 


QQYNNWPFT 


QQYHTWPFT 


AAWDDSLNGPV 


AAWDDSLNGPV 


NSRDSSGNHLV 


NSRDSSGNHLV 


NSRDSSGNHLV 


YSTDSSGNHW 


YSTDSSGNHW 


QQYDNLPIT 


HQCDNLPH 


NSRDSSGNHW 


KSRDSSFNHVT 


NSRDSSGNHVT 


KSRDSSFNHVT 


KSRDSSYNHVT 


KSRDSSGNHVT 


NSRDSSYNHVA 


KSRDSSYNHVT 


FR3 


GIPARFSGSGSGTEFTLTISS 
LQSEDFAVYYC 


GI PARFSGSGSGTEFTLTI SS 
LPSEDFAVYYC 


GIPARFSGSGSGTEYTLTISS 
LQSEDFAVYYC 


GIPARFSGSGSGTEFTLTISS 
LPSEDFAVYYC 


GVPDRFSGSKSGTSASLAISG 
LQSEDEADYYC 


GVPDRFSGSKSGTSASLAISG 
LQSEDEADYYC 


GIPDRFSGSSSGNTASLTITG 
AQAEDEADYYC 


GIPDRFSGSSSGNTASLTITG 
AQAEDEADYYC 


GIPDRFSGSSSGNTASLTITG 
AQAEDEADYYC 


GIPERFSGSSSGTMATLTISG 
AQVEDEADYYC 


GI PERFSGSSSGTMATLTING 
AQVEDEADYYC 


GVPSRFSGSGSGTDFTFTISS 
LQPEDIATYYC 


GVPSRFSGSGSGTDFTFTISS 
LQPEDIATYYC 


G I PDRFSGSSSGNTASLTITG 
AQAEDEADYYC 


GIPDRFSGSSSGNTASLTVTG 
AQAEDEADYYC 


GIPDRFSGSSSGNTASLTITG 
AQAEDEADYYC 


GIPDRFSGSSSENTASLTITG 
AQAEDEADYYC 


GIPDRFSGSSSGNTASLTITG 
AQAEDEADYYC 


GIPDRFSGSSSGNTASLTITG 
AQAEDEADYYC 


GIPDRFSGSSSGLTASLTVTG 
AQAEDEADYYC 


GIPDRFSGSSSGNTASLTITG 
AQAEDEADYYC 


CDR2 


GASTRAT 


GASTRAT 


H 
CO 

< 
u 


GASTRAT 


SNNQRPS 


SNNQRPS 


GKNNRPS 


GKNNRPS 


GKNNRPS 


EDSKRPS 


EDSKRPS 


DASNLET 


DASNLET 


GKNNRPS 


GKNNRPS 


u 
0 

a 

L 


1 

1 


GKNNRPS 


GKNNRPS 


GKKNRPS 


GRNNRPS 


GKNNRPS 


FR2 


WYQQKPGQAPR 
LLIY 


WYQQKPGQAPR 
LLIY 


WYQQKPGQAPR 
LLIY 


WYQQKPGQAPR 
LLIY 


WYQQLPGTAPK 
LLIY 


WYQQLPGTAPK 
LLIY 


WYQQKPGQAPV 
LVIY 


WYQQKPGQAPI 
LVIY 


WYQQKPGQAPI 
LVIY 


WYQQKSGQAPV 
LVIY 


WYQQKSGQAPV 
LVIY 


WYQQKPGKAPK 
LLIY 


WYQQKPGKAPK 
LLIY 


WYQQKPGQAPV 
LVIY 


WYQQKPGQAPV 
LVIY 


WYQQKPGQAPI 
LVIY 


WYQQKPGQAPV 
LVIY 


WYQQKPGQAPI 
LVIY 


WYQQKPGQAPI 
WIY 


WYQQRPGQAPV 
LVIY 


WYQQKPGQAPV I 
LVIY 


CDRl 


RASQSVSSNLA 


RASQSVTSNLA 


RASQSVSSNLA 


RASQSVTSNLA 


SGSSSNIGSNT 
VN 


SGSSSNIGSNT 
VN 


QGDSLRSYYAS 


QGDSLRRYYAS 


QGDSLRRYYAS 


SGDALPKKYAY 


SGDALPKKYVY 


QASQDISNYLN 


QASQDISNYLN 


QGDSLRSYYAS 


QGDSLRIYYAS 


QGDSLRNYYAS 


QGDSLRSYYAS 


QGDILRSYYAS 


QGDSLRRYYAS 


QGDSLRSYYAS 


QGDILRSYYAS 


FRl 


E I VMTQS PATLSVS PGERATL 

I SC 


E I VMTQS PATLSVS PGERATL 
SC 


EIVMTQSPSTLSVSPGERATL 
SC 


EI VMTQS PSTLS VS PGERATL 
SC 


QSVLTQPPSASGTPGQRVTIS 
C 


QSVLTQ P PS ASGTPGQRVT I S 
C 


SSELTQDPAVSVALGQTVRIT 
C 


SSELTQDPAVSVALGQTVRIT 
C 


SSELTQDPAVSVALGQTVRIT. 
C 


SYELTQPPSVSVSPGQTARIT 
C 


SYELTQPPSVSVSPGQTARIT 
C 


DIQMTQSPSSLSASVGDRVTI 
TC 


DIQMTQSPSSLSASVGDRVTI 
TC 


SSELTQDPAVSVALGQTVRIT 
C 


SSELTQDPAVSVALGQTVRIT 
C 


S S ELTQD PAVS VALGQTVRI T 
C 


SSELTQDPAVSVALGQTVRIT 
C 


SSE LTQD PAVS VALGQTVRI T 
C 


SSELTQDPAVSVALGQTVRIT 
C 


SSELTQDPAVSVALGQTVRIT 
C 


SSELTQDPAVSVALGQTVRIT 
C 
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V2-7/JL2 


Germline 


018/JK5 


Germline 


V2-13/JL2 














SEQ ID 

NO: 


rH 

ro 


CM 


00 

ro 

rH 


CO 
CN 


in 

rH 

ro 


CN 
rH 
OJ 


vo 

rH 

ro 


vo 
o 

rH 


OJ 

r» 

rH 


r- 

rH 

ro 


in 

H 


CO 
rH 

ro 


o 
ro 

rH 


en 

rH 

ro 


CO 

a\ 


o 

H 
rH 


CN 
rH 


o 

OJ 


00 
H 
H 




vo 
a\ 

rH 


CHAIN 
NAME 




4 .18 


2.15 


4.19 




4 .10 




UO 

CN 


ro 




2.19 




2.13 




ro 

OJ 


VO 
OJ 


ro 


CO 


00 
OJ 


Ol 
OJ 





ON. 



FR4 


FGGGTKLTVL 


FGGGTKLTVL 


> 
EH 
h. 




CDR3 


1 QSYDSSLSGSV 


QSYDSSLSGSV 


QSYDSSLSGSV 


FR3 


jGVPDRFSGSKSGTSASLAITG 
LQAEDEADYYC 


GVPDRFSGSKSGTSASLAITG 
LQAEDEADYYC 


GVPDRFSGSKSGTSASLAITG 
LQAEDEADYYC 


CDR2 


GNSNRPS 


GNSNRPS 


cr 
a 

Ct 

C 




FR2 


WYQQLPGTAPK 
LLIY 


WYQQFPGTAPK 
LLIQ 


WYQQLPGTAPR 
LLIY 


CDRl 


TGSSSNIGAGY 
DVH 


TGSSSNIGAGY 
DVH 


TGSSSNIGAGY 
DVH 


FRl 


QSVLTQPPSVSGAPGQRVTI S 
C 


QSVLTQPPSVSGAPGQRVTI S 
C 


QSVLTQS PS VSGAPGQRVTI S 
C 




Germline 


V1-13/JL3 




SEQ ID 
NO: 


o 

CN 

ro 


00 

«-» 


H 
H 


CHAIN 
NAME 




CN 

ro 


r- 

CN 



EXAMPLE 11 

DETERMINATION OF CANONICAL CLASSES OF ANTIBODIES 



[0237] Chothia, et al have described antibody structure in terms of "canonical 
classes 55 for the hypervariable regions of each immunoglobulin chain (J Mol Biol. 1987 Aug 
20;196(4):901-17). The atomic structures of the Fab and VL fragments of a variety of 
immunoglobulins were analyzed to determine the relationship between their amino acid 
sequences and the three-dimensional structures of their antigen binding sites. Chothia, et al. 
found that there were relatively few residues that, through their packing, hydrogen bonding 
or the ability to assume unusual phi, psi or omega conformations, were primarily responsible 
for the main-chain conformations of the hypervariable regions. These residues were found to 
occur at sites within the hypervariable regions and in the conserved beta-sheet framework. 
By examining sequences of immunoglobulins having unknown structure, Chothia, et al show 
that many immunoglobuins have hypervariable regions that are similar in size to one of the . 
known structures and additionally contained identical residues at the sites responsible for the 
observed conformation. 

[0238] Their discovery implied that these hypervariable regions have 
conformations close to those in the known structures. For five of the hypervariable regions, 
the repertoire of conformations appeared to be limited to a relatively small number of 
discrete structural classes. These commonly occurring main-chain conformations of the 
hypervariable regions were termed "canonical structures 1 '. Further work by Chothia, et al. 
(Nature. 1989 Dec 21-28;342(6252):877-83) and others (Martin, et al. J Mol Biol. 1996 Nov 
15;263(5):800-15) confirmed that that there is a small repertoire of main-chain 
conformations for at least five of the six hypervariable regions of antibodies. 

[0239] Each of the antibodies described above was analyzed to determine the 
canonical class for each of the antibody's complementarity determining regions (CDRs). As 
is known, canonical classes have only been assigned for CDR1 and CDR2 of the antibody 
heavy chain, along with CDR1, CDR2 and CDR3 of the antibody light chain. The tables 
below (35 and 36) summarize the results of the analysis. The Canonical Class data is in the 
form of *HCDR1-HCDR2-LCDR1-LCDR2-LCDR3, wherein "HCDR" refers to the heavy 
chain CDR and "LCDR" refers to the light chain CDR. Thus, for example, a canonical class 
of 1-3-2-1-5 refers to an antibody that has a HCDR1 that falls into canonical class 1, a 
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HCDR2 that falls into canonical class 3, a LCDR1 that falls into canonical class 2, a LCDR2 
that falls into canonical class 1, and a LCDR3 that falls into canonical class 5. 

[0240] Assignments were made to a particular canonical class where there was 
70% or greater identity of the amino acids in the antibody with the amino acids defined for 
each canonical class. Where there was less than 70% identity, the canonical class assignment 
is marked with an asterisk ("*") to indicate that the best estimate of the proper canonical 
class was made, based on the length of each CDR and the totality of the data. The amino 
acids defined for each antibody can be found, for example, in the articles by Chothia, et al. 
referred to above. 



Table 35 



Antibody 

ti — 


Canonical Class 


3.6 


l-l*-2-l-l 


2.19 


l-l-2*-l-5 


3.9 


1-1-2-1-* 


2.15 


l 1-1-2-1-1 


2.17 


1-1-2-1-1 


2.9 


1-1-2-1-1 


3.8 


1-1-2-1-1 


250 


1-1-2-1-3 


263 


1-1-2-1-3 


269 


1-1-2-1-3 


69 


l-l*-4-l-l 


3.4 


1-3-MM-5* 


2.6 


l-3*-2*-l-5* 


4.22 


l-3*-2-l-l 


2.4 


l-3*-6-l-5 


3.2 


l-3*-6-l-5 


2.2 


1-3-2M-5* 


2.3 


l-3-2*-l-5* 


2.5 


1-3-2M-5* 


2.8 


1-3-2M-5* 


[ 4.3 


l-3-2*-l-5* 


4.4 


l-3-2*-l-5* 


4.8 


l-3-2*-l-5* 


15 


1-3-2-1-1 


28 


1-3-2-1-1 


95 


1-3-2-1-1 


148 


1-3-2-1-1 


2.10 


1-3-2-1-1 
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Antibody 


Canonical Class 


2.13 


1-3-2-1-1 


2.14 


1-3-2-1-1 


2.16 


1-3-2-1-1 


2.18 


1-3-2-1-1 


2.21 


1-3-2-1-1 


234 


1-3-2-1-1 


280 


1-3-2-1-1 


282 


1-3-2-1-1 


291 


1-3-2-1-1 


299vl 


1-3-2-1-1 


299v2 


1-3-2-1-1 


3.5 


1-3-2-1-1 


313 


1-3-2-1-1 


4.11 


1-3-2-1-1 


4.12 


1-3-2-1-1 


4.13 


1-3-2-1-1 


4.14 


1-3-2-1-1 


4.15 


1-3-2-1-1 


4.16 


1-3-2-1-1 


4.17 ' 


1-3-2-1-1 


4.18 


1-3-2-1-1 


4.19 


1-3-2-1-1 


4.20 


1-3-2-1-1 


4.21 


1-3-2-1-1 


4.23 


1-3-2-1-1 


4.9 


1-3-2-1-1 


140 


1-3-4-1-* 


1.1 


1-3-5-1-5 


2.1 


1-3-5-1-5 


3.1 


1-3-5-1-5 


4.10 


1-3-5-1-5 


2.7 


1-3-6-1-5 


4.7 


1-3-6-1-5 


2 


3-1-2-1-1 


25 


3-1-2-1-1 


123 


3-1-2-1-1 


131 


3-1-2-1-1 
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EXAMPLE 12 

DOMAIN ANALYSIS OF ANTI-TNF-a ANTIBODIES THROUGH EXPRESSION AND 

BINDING ASSAYS TO TNF-a EPITOPES 

Sequencing/Binning results 

[0241] The variable (V) regions of immunoglobulin chains are encoded by 
multiple germ line DNA segments, which are joined into functional variable regions (VhDJh 
or V K Jfc) during B-cell ontogeny. The Molecular and genetic diversity of the antibody 
response to TNF-a was studied in detail. These assays revealed several points specific to anti 
TNF-a. Analysis of 65 individual antibodies specific to TNF-a yielded 13 germline VH 
genes, 54 of them from the VH3 family, with 34 of them using the VH3-33 gene segment. 
The most frequent gene, VH3-33 germline gene was expressed in 34 of the 65 antibodies 
analyzed, and was limited to 2 different bins with clear linkage to the type of the light chain 
involved in the binding (Kappa A30 versus L2 or lambda). Selection of functional antibodies 
and binning showed that antibodies in specific bin expressed the same Ig V H and in some 
cases the same V H DJ H rearrangements. Furthermore, it was also discovered that pairs of H 
and L chain were conserved within the bin. These findings suggest that, for any given 
epitope, only a few members of the germ line repertoire are used to form the corresponding 
paratope, and for each antigenic epitope a limited number of L- and H -chain genes can pair 
to form a specific paratope. 

[0242] The location of biologically relevant epitopes on human TNF-a was 
evaluated by expression and binding assay of mAbs specific for human TNF-a to a set of 
chimeric human/mouse TNF-a molecules. The antibodies described above fall into 4 major 
binning groups, all linked to several sites crucial for hTNF-a biological activity. The N- 
terminal domain of TNF-a was found to be involved in receptor binding. 

[0243] In the first group antibodies, which neutralize TNF-a activity through 
direct binding to TNF-a receptor binding domain, all recognized sequences in the first 36 
residues of the secreted TNF-a molecule. The results showed that both receptors bind to the 
same N-terminal region. Van Ostade et al, ((1993) nature, 361:266-269) reported that the 
P75 Receptor binding domain was localized in loops at the base of the molecule, and that 
single amino substitutions at position 29 and 32 reduced binding activities with the p75 
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receptor. Antibodies in group I (VH3-33/JH6b coupled with kappa chain A30/JK4) all have 
canonical class 1-3-2-1-1. All tested antibodies exhibit binding to the first 36 residues, with 
Lysll and Arg31 present. Antibodies expressing VH3-33/Jh6b coupled with lambda as a 
light chain showed different specificity. 

[0244] Van Ostade et al ((1991) EMBO 10:827-836) demonstrated that by means 
of random and site directed mutagenesis, the integrity of four regions amino-acid 32-34, 84- 
91, 117-119 and 143-148 is important for maintaining the biological activity. Antibodies 
using the VH3-33/JH4b coupled with L2 kappa chain were shown to recognize different 
discontinuous domains of the TNF-a molecule. These antibodies were highly specific for 
human TNF-a, and their epitope is a constellation of residues located in different, 
noncontiguous positions of the TNF Polypeptide. 

[0245] The third group of antibodies includes antibodies utilizing VH3-33 
coupled to lambda light chain as mAb 3.2 . The binding site of this group lies between 
residues 1-91. Although replacement of Gln27 and arg31 did not affect the binding to 
human TNF-a, the N-terminus appeared important for their binding activity. The results are 
provided below in Table 36. 



Table 36 



TNF 
Epitope 


mAb 


VH 


DH 


JH 


VK 


JK 


VL 


JL 


Canonical Class 




3.1 


VH1-2 


D6-19 


JH6b 






Vl-19 


JL3 


1-3-5-1-5 


1-91 


2.6 


VH1-18 


Dl-7 


JH4b 






V2-13 


JL2 


l-3*-2*-l-5* 


1-125 


3.4 


VH1-18 


D6-19 


JH4b 






V2-13 


JL3 


1-3MM-5* 




1.1 


VH3-11 


D3-16 


JH6b 






Vl-19 


JL3 


1-3-5-1-5 




2.16 


VH3-11 


D3-16 


JH6b 


012 


JK5 






1-3-2-1-1 




2.18 


VH3-11 


D3-16 


JH6b 


012 


JK5 






1-3-2-1-1 
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TNF 
Epitope 


mAb 


VH 


DH 


JH 


VK 


JK 


VL 


JL 


Canonical Class 




















1-3-2-1-1 


1-125 


2.21 


VH3-21 


Dl-20 


JH6b 


012 


JK5 




* 






















1-3-2-1-1 




4.23 


VH3-23 


D3-22 


JH4b 


A20 


JK3 


























1-3-2-1-1 




4.13 


VH3-30 


D4-17 


JH6b 


A30 


JK4 






















- 




1-3-2-1-1 




SC234 


VH3-30 


Dl-26 


JH6b 


A30 


JK4 


























1-3-4-1.* 




SCI 40 


VH3-30 


Dl-20 


JH6b 


A19 


JK1 


























1-3-2-1-1 




SC28 


VH3-30 


D3-3 


JH6b 


A30 


JK1 


























1-3-2-1-1 


1-157 


4.11 


VH3-33 


D6-19 


JH4b 


L2 


JK4 


























1-3-2-1-1 




4.19 


VH3-33 


D3-9 


JH6b 


L2 


JK3 


























1-3-2-1-1 


1-157 


4.18 


VH3-33 


D3-9 


JH6b 


L2 


JK3 


























1-3-6-1-5 




4.7 


VH3-33 


D6-19 


JH4b 






Vl-13 


JL2 






















1-3-2M-5* 




2.8 


VH3-33 


D3-9 


JH6b 






V2-13 


JL2 






















1-3-6-1-5 


36-91 


2.7 


VH3-33 


D3-9 


JH6b 






Vl-13 


JL3 






















1-3-5-1-5 




2.1 


VH3-33 




JH6 






Vl-19 


JL2 






















l-3-2*-l-5* 




2.2 


VH3-33 


D4-23 


JH4a 






V2-13 


JL2 






















1-3-2M-5* 




2.5 


VH3-33 


D3-10 


JH6b 






V2-13 


JL3 






















l-3-2*-l-5* 




4.4 


VH3-33 


D4-23 


JH4b 






V2-13 


JL2 






















1-3-2M-5* 


1-157 


4.3 


VH3-33 


D4-23 


JH4b 






V2-13 


JL2 
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TNF 
Epitope 


rnAb 


VH 


DH 


JH 


VK 


JK 


VL 


JL 


Canonical Class 




















1-3-5-1-5 




4.10' 


VH3-33 


D4-17 


JH5b 






Vl-16 


JL3 






















1-3-2M-5* 




2.3 


VH3-33 


D4-23 


JH4b 






V2-13 


JL2 


* 




















l-3-2*-l-5* 




4.8 


VH3-33 


D4-23 


JH4b 






V2-13 


JL2 






















1-3-2-1-1 




2.13 


VH3-33 


D6-19 


JH6b 


018 


JK5 


























1-3-2-1-1 




4.20 


VH3-33 


D3-9 


JH6b 


A30 


JK4 


























1-3-2-1-1 




4.21 


VH3-33 




JH6b 


A30 


JK4 


























1-3-2-1-1 




2.14 


VH3-33 


D6-19 


JH6b 


A30 


JK4 


























1-3-2-1-1 


1-36 


2.10 


VH3-33 


D6-19 


JH6b 


A30 


JK4 


























1-3-2-1-1 




3.5 


VH3-33 


D3-10 


JH6b 


A30 


JK4 


























1-3-2-1-1 




4.12 


VH3-33 


D4-17 


JH6b 


A30 


JK4 


























1-3-2-1-1 




4.9 


VH3-33 


D4-17 


JH6b 


A30 


JK4 


























1-3-2-1-1 




SC280 


VH3-33 


D4-17 


JH6b 


A30 


JK1 










SC282 


VH3-33 


D4-17 


JH6b 


A30 


JK1 






1-3-2-1-1 




















1-3-2-1-1 




SC291 


VH3-33 


Dl-26 


JH6b 


A30 


JK4 


























1-3-2-1-1 




4.16 


VH3-33 


D2-21 


JH6b 


A30 


JK4 


























1-3-2-1-1 


1-36 


4.17 


VH3-33 


D2-21 


JH6b 


A30 


JK4 


























1-3-2-1-1 




4.14 


VH3-33 


D2-21 


JH6b 


A30 


JK4 


























1-3-2-1-1 




4.15 


VH3-33 


D2-21 


JH6b 


A30 


JK4 








1-36 


SC299 


VH3-33 


D5-5 


JH6b 


A30 


JK4 






1-3-2-1-1 
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TNF 
Epitope 


mAb 


VH 


DH 


JH 


VK 


JK 


VL 


JL 


Canonical Class 




SC313 


VH3-33 


D5-24 


JH6b 


A30 


JK4 






1-3-2-1-1 




















1-3-2-1-1 




SCI 48 


VH3-33 


D5-5 


JH6b 


A30 


JK4 


























1-3-2-1-1 




SCI 5 


VH3-33 


D6-6 


JH6b 


A30 


JK4 


























1-3-2-1-1 




SC95 


VH3-33 


D6-19 


JH6b 


A30 


JK4 


























l-3*-2-l-l 




4.22 


VH3-48 


Dl-14 


JH4b 


A30 


JK1 










3.7 


VH3-53 


D3-1 


JH3 


L2 


JK4 


























1-1-2-1-1 




2.17 


VH3-53 


D7-27 


JH4b 


L2 


JK4 


























1-1-2-1-1 


1-157 


2.9 


VH3-53 


D7-27 


JH4b 


L5 


JK1 


























l-l-2*-l-5 


1-125 


2.19 


VH3-53 


Dl-1 


JH6 


012 


JK5 


























1-1-2-1-1 




2.15 


VH3-53 


Dl-1 


JH6 


L2 


JK3 


V2-7 


JL2 






















1-1-2-1-1 




3.8 


VH3-53 


Dl-14 


JH3b 


L2 


JK5 








1-157 


3.9 


VH3-53 


Dl-14 


JH3b 


A30 


JK4 






1-1-2-1-* 




















1-1-2-1-3 




SC250 


VH3-53 


D3-16 


JH4b 


L2 


JK1 


























1-1-2-1-3 I 


1-157 


SC263 


VH3-53 


D3-16 


JH4b 


L2 


JK1 


























1-1-2-1-3 




SC269 


VH3-53 


D3-16 


JH4b 


L2 


JK1 










SC69 


VH4-4 


D2-2 


JH2 


Al 


JK4 






l-l*-4-l-l 




















3-1-2-1-1 




SC2 


VH4-31 


Dl-20 


JH6b 


A30 


JK4 








- 


















3-1-2-1-1 




SC25 


VH4-31 


Dl-20 


JH6b 


A30 


JK4 


























3-1-2-1-1 




SC131 


VH4-31 


Dl-20 


JH6b 


A30 


JK4 


























3-1-2-1-1 




SCI 23 


VH4-31 


Dl-20 


JH6b 


A30 


JK4 









-108- 



TNF 
Epitope 


mAb 


VH 


DH 


JH 


VK 


JK 


VL 


JL 


Canonical Class 




















l-l*-2-l-l 


1-157 


3.6 


VH4-59 


D6-19 


JH4b 


A30 


JK4 


























l-3*-6-l-5 


1-91 


3.2 


VH5-51 


D7-27 


JH4b 






Vl-13 


JL3 






















l-3*-6-l-5 


36-91 


2.4 


VH5-51 


D3-3 


JH6b 






Vl-13 


JL2 





EXAMPLE 13 

USES OF ANTI-TNFa ANTIBODIES AND ANTIBODY CONJUGATES FOR 

ARTHRITIS TREATMENT 

[0246] To determine the in vivo effects of anti-TNFa antibody treatment in 
human patients with arthritis, such human patients are injected over a certain amount of time 
with an effective amount of anti-TNFa antibody. At periodic times during the treatment, the 
human patients are monitored to determine whether their arthritis is being treated. 

[0247] An arthritic patient treated with anti-TNFa antibodies has a lower level of 
arthritic symptoms, including inflammation, as compared to arthritic patients treated with 
control antibodies. Control antibodies that may be used include antibodies of the same 
isotype as the anti-TNFa antibodies tested and further, may not have the ability to bind to 
TNFa antigen. 



-109- 



EXAMPLE 14 

USE OF ANTI-TNFa ANTIBODIES AS A DIAGNOSTIC AGENT 
Detection of TNFa antigen in a sample 

[0248] An Enzyme-Linked Immunosorbent Assay (ELISA) for the detection of 
TNFa antigen in a sample may be developed. In the assay, wells of a microtiter plate, such 
as a 96-well microtiter plate or a 384-well microtiter plate, are adsorbed for several hours 
with a first fully human monoclonal antibody directed against the antigen. The immobilized 
antibody serves as a capture antibody for any of the antigen that may be present in a test 
sample. The wells are rinsed and treated with a blocking agent such as milk protein or 
albumin to prevent nonspecific adsorption of the analyte. 

[0249] Subsequently the wells are treated with a test sample suspected of 
containing the antigen, or with a solution containing a standard amount of the antigen. Such a 
sample may be, for example, a serum sample from a subject suspected of having levels of 
circulating antigen considered to be diagnostic of a pathology. 

[0250] After rinsing away the test sample or standard, the wells are treated with a 
second fully human monoclonal anti-TNFa antibody that is labeled by conjugation with 
biotin. The labeled anti-TNFa antibody serves as a detecting antibody. After rinsing away 
excess second antibody, the wells are treated with avidin-conjugated horseradish peroxidase 
(HRP) and a suitable chromogenic substrate. The concentration of the antigen in the test 
samples is determined by comparison with a standard curve developed from the standard 
samples. 

[0251] This ELISA assay provides a highly specific and very sensitive assay for 
the detection of the TNFa antigen in a test sample. 

Determination of TNFa antigen concentration in patients 

[0252] A sandwich ELISA is developed to quantify TNFa levels in human serum. 
The 2 fully human monoclonal anti-TNFa antibodies from the sandwich ELISA, recognizes 
different epitopes on the TNFa molecule. The ELISA is performed as follows: 50jaL of 
capture anti-TNFa antibody in coating buffer (0.1 M NaHC03, pH 9.6) at a concentration of 
2jag/mL is coated on ELISA plates (Fisher). After incubation at 4°C overnight, the plates are 
treated with 200^iL of blocking buffer (0.5% BSA, 0.1% Tween 20, 0.01% Thimerosal in 
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PBS) for 1 hour at 25°C. The plates are washed (3x) using 0.05% Tween 20 in PBS 
(washing buffer, WB). Normal or patient sera (Clinomics, Bioreclaimation) are diluted in 
blocking buffer containing 50% human serum. The plates are incubated with serum samples 
overnight at 4°C, washed with WB, and then incubated with 100(aL/well of biotinylated 
detection anti-TNFa antibody for 1 hour at 25°C. After washing, the plates are incubated 
with HRP-Streptavidin for 15 min, washed as before, and then treated with 100|aL/well of o- 
phenylenediamine in H2O2 (Sigma developing solution) for color generation. The reaction 
is stopped with 50(iL/well of H2SO4 (2M) and analyzed using an ELISA plate reader at 492 
nm. Concentration of TNFa antigen in serum samples is calculated by comparison to 
dilutions of purified TNFa antigen using a four parameter curve fitting program. 

INCORPORATION BY REFERENCE 
[0253] All references cited herein, including patents, patent applications, papers, 
text books, and the like, and the references cited therein, to the extent that they are not 
already, are hereby incorporated herein by reference in their entirety. 

EQUIVALENTS 

[0254] The foregoing written specification is considered to be sufficient to enable 
one skilled in the art to practice the invention. The foregoing description and Examples 
detail certain preferred embodiments of the invention and describes the best mode 
contemplated by the inventors. It will be appreciated, however, that no matter how detailed 
the foregoing may appear in text, the invention may be practiced in many ways and the 
invention should be construed in accordance with the appended claims and any equivalents 
thereof. 
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